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{ [Whereto is added four new Methods of Calculation, yon 


_ 


— < .__— i. tt 


| w—_— 
DYALLING 


Pertormed by a Line of CHORDS onely, 
Or by the : 


PLAIN SCALE 


Wherein is contained two ſeveral Methods of Inſcribin 
the Hour-Lines in all Plains, with the Subſtile, Stile and 
Meridian, in their proper Coaſts and Quantities ; 


Geometrical Dyalling 0 
: OR 


ceaſed, late Profeflor of Aſtronomy in Greſham (ol- 
ledge, ; Allo a Collefion of divers things 
from the Works of {{avixs and others, 


finding the Requilites in all Leaning Plains, with full direRions 
ſuiced to each Method for placing them in their proper 
Coaſts, without the NeIp of any Dclincations. 


Arks found by Calculation , and to determine what hours are 
proper to all kinde of Plains, omitting ſuperfluity. 


Laſtly, the making of Dyals from three Shadows of aj{ 


Gnomon placed in a Wall at random , with a Method of Cal- 
culation ſuited thereto 7 and divers ways from three 


Shadows, to finde a Meridiar-line. | 


Written by Job» Collins of London Accomptant, Philomaty, 


S|. 


| Being a full Explication and Demonſtration of divers | 
ditficulciesin the Works of Learned Mr. Samwel Foſter de- *Þ 


Alſo how by Proje&ing the Sphere, to meaſure off all thel 


4 


, is 
*# .: fo ® 


London, Princed by Thomas Fobnſon for Franck (offinet, and are t6 be (old aetbls | k5 


Shop at che Anchor and Mariner in Tower-ſtreer, at the endof 


lane, with other Mazhematical Books 3 Alfo to be fold by \ ; wo 2: 


hs, On 


Henry Sutton Mathematical Inſtrumene-Maker, living in 
T breed-needle Strect behinde the Exchange, 1659. 
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To the Reader, — 


Eing in -conference with my loving friend Mr. Tho- 
B mas Rice, one of the Gunners of the Tower, much 


exerciſed in making of- Dyals in many eminent pla-. 


ces of the Ciry , he was pleaſed to communicate unto 
me the knowledge of a General Scheme, tor-Iaſcribing the 
Requiſites in all Oblique Leaning Plains, whitthe added, 
was the uftful- Irrvemton UT The Laarmcd WMaftet 'Sumnt] 
Foſter, Profeſſor of Aſtronomy in Greſham Colledge Log- 
don, deceaſed, from whom he received Inſtrutions con- 
cerning the fame, inthe year 1640. And the ſaid Mr, "Rice 
not having his Papers about him, did*diftate to me from 
his Memory the ConſttuQion and Praice- of- the aid 
Scheme, which I afterwards Methodized juſt as ir is delf- 
vered in page 25 and 26, Atthe fame time alſo I received 
dire&ions for Inſcribing the-Subſtile and Stile jn nprigtir 
Decliners, and Eaſt or Welt Reclining,or Inclining Plains, 
hne +hey were nf .annrher mane Invention ,' ; did nor 
ſeem to be derived from the former generaf Scheme , and 
therefore I have not uſed them in this Treatiſe, but derived 
' the performance thereof from the ſaid general-Scheme : 


Moreover, Mr. Rice added, that in regard of the death of. 


the Author, and fince of his Executor, who had the care 
and inſpection of his Papets ; I ſhould do well to Study 
out the Demonſtration of the former Scheme , and make 
ir publick, the rather, becauſe it hath beennegleted, The 
manner of- Inſcribing the kour-lines being already publiſh- 
ed in a Treatiſe of the Authors, Intituled, Poſthumi Poſters; 


this defire of his , which was alſo furthered by Mr. Sutton. 


and others, I am confident is fully effeRed in the — 
; Treatiſe , and much more then was in his Requeſt, ans 
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To the Reader. 


"herelet me adde , that I have had no other light fromthe 
Endeavors of the Learned Author,then what was as above 
communicated unto me , all which might be expreſſed in 
half a page of paper, or little more , to which I have made 
this large Acceſs. and ColleRion , nam facile eſt inventis 
adore, not that I would hereby any thing cndeavor to ec- 
Tliple the Authors Work, the excellency of whoſe Inven- 


tions in this and other kindes, will ſpeak forth his Renown 


to all poſterity. And though in probability I have not 


rformed:ſo much, nor fo well, as was obvious to the 
nowledge of cho I. oarncl Aruulv 3 b ad I GALL confident 


when the Reader underſtands what is written, he would be 
as loath to be without the knowledge thereof , as my ſelf; 
andT am induced to believe, «that the Author left nothing 
written about many particulars in this Treatiſe, throughout 
which, we ſuppoſe the Reader, furniſhed with the common 

Rudiments of Geometry, that he can raiſe Perpendiculars, 
draw Parallels,deſcribe a Parralellogram,bring three points 
ntoa Circle, underſtands Definitions and Tearms of Art, 
knows whata Line of Chords is, can prick off an Arch 


thereby z all which, with Delineari all the uſual Ca- 
ſes of Triangles, both from geations for a Proportions, 


the Reader will meet with in my Treatiſe, called, 7he Ma- 
riners Plain Scale new- plain'd, nowinthe Preſs, Yale & * 
frees... 


.T remain thy friend, 4nd a Well-willer 
20 the Publique Advancement. 
of Knowledge-, 
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Another way to perform 1be ho 4 


eA-[coond Merhvd of _ jon for Oblique Plains 
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A third ried of Calculation for Oflique Þ lains P.44 


Diretions for placing the week xired thereto Fe < 
A ſourth Method of Calculation far Oblique Plains 
mo a two points wank + oo within a Circle to draw an nArch of « (it6le tr 


nay oirkraf order: Two Aer goee = 
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The Contents. 

To determine what Houvs are proper 20 all Plains p.6oto 61 
Anotber Method of inſcribing the Hour-lines in all Plains by a Parallelogram p.6 
To drew the Tangent Scheme ſuited thereto —_ 3+ 
The Hour lines ſo inſcribed in a Horizontal and South Dyal p-63,64 
A alſo in av upright Decliner p.65 
With another Tangent Scheme (uited thereto ſor pricking them down-without the u(e 


| of Compaſſes p.66,67 

£ eA. geners! Method without proportional work, for fitting the Parallelogram into Ob - 
lique Plains that have the Requifites firft placed p:69,70 

By belp of three ſhadows to finde 8 Meridian-line + p--70,71 


Another Scheme (uited to that purpo(e ; ;-— 
A Method fof Colculation for finding the Azimuth, Latitude, eAmplitude,ec. by 

#hree [hadows p-75 
F rom #bree ſoadows to in(cribe the Requiſites and Hour-lires in any Plaivn p77 
Which i to be performed by Galculation al(o P97 


CharaRers ſed in this Book. 


+ Plus, for more, or eAddition. — Minn: leſs, or Subſtraftinn. 
=. Equal. q For ſquare. O Square. C5 The Reftangle or 
Proagtt of two terms, :: for Proportion. 


If the Braſs Priuts in this Book, be thought troubleſome to binde up, 

they may be placed at the end thereof , for the Pages to Which they re- 
Vate,ars graved KWpon them. 

A Dyadrant of a Circle being divided into 90*, all that is required 
in this Treatiſe , is ro prick off »ember of the ſaid degrees Yeith 
their Sub-diviſiens , Which may ve eajuy done whtre from & 

uadrant drawn and divided into nine equal Parts 5 and one 
of thoſe parts into ten ſub-diviſions, called degrees, but for readineſs the 
equal diviſions of a Whole. Quadrant are transferred into a right line 

*% (as in the F rontiſpiece)called a Line of Choras, ſerving more expeditly 
"i 70 prick, off any number of degrees or minutes in the Arch of a Cirele. 


————_—  — 
Le 


An Advertiſement, 


T he Reader may poſſibly defire to be furniſhed with fuch Scales to any-Radius, 
theſe and all manner of other Mathematical Inftruments either for $ca or Land, 
are exa&ly made in Braſs or Wood, by Heury Sutton in Threed-needle-ftreer, 
behinde the Exchange, or by Willien Sutton in Upper Shadwell , a licrle be- 
yand the Churcb, Mathematical Infirument. Makers, | 
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Hough much of the ſubjeA of Dyalling hath been wrote 

already , by divers in diverſe Languages, notwithſtand- 

ing the Reader will meet with that in this following 

Treatiſe, which will abundantly fatisfie his expeRation, 

as to the particulars in the Preface,not yet divulged in any Treatiſe 
of this nature. 

In this Treatiſe,that we might not be too large , divers definiti= 
ons are paſſed over, ſuppoſing that the Reader underſtands what a 
Dyal is, what hour Lines are,that that part of the Stile that ſhews 
the hour, ought ro be in the Axis of the World , that the hour 


Lines bcing projeQcd on any Regular Flat , will become ſtraight 
Lines. | 


Dyals ate by (avis; in the ſecond Chapter of his Gnomonicks 
diſtinguiſhed into Seventcen Kindes, | 


1. The Horizontal,being parallel to the Hoyizon. 
2, Soxth and North dire, by ſome called a Vertical Dyal , be- 
ranſe parallel to the prime Vertical or Cirtle of Eaſt and Weſt. 


3« T South direft, Reclining cr kt 2-4 Th os the Polo) 
4s Inclining more As 


5+ T South direft, Inclining or Ueſs Sr -Y 
6, $ North Reclining * nf Cchen the Equinoitat | 3: 5 


— - 


EIFS 2. bo 


2 The Diredtions of Dyals, 

7 Sonth direft Reclining, or North Inclining to the Polezcalled 
a diretÞ Polar Plain, becauſe Parallel thereto 

8. South direft Incl:ning , or North Reclining to. the Equator, 
called an Equinottial Plain, becauſe parallel therets. 

9. South and North, Declining Eaſt or weſt. 

10. Eaſt aud weſt dirctt. 

11. Eaft and Weſt direft, Reclining or Inclining. 


— $ al ofor — Reclining) to the Pole, called a Po- 


* © North Eaft or weſt Inclining lar Decliner. 
; _- : Hg theEquinottial cal- 
South 1} Plain Declining C Inclining - jt, 4 
13. 4 nn of, Eaſt or Wet Reclining -— + 6x 


Whereof” are tWo 
] +0 4 [2 enth 1 Plain Declining) Reclining ( ſorts,the one paſſing 
15 North Eaſt or Weſt \ Inclining ( above,the other be- 

neath the Pole 


) whereof are 2. forts, 
me at South ? Plain —_— the one paſſig above 
I7., North{ Eaſt or Weſt Reclining the Equinettial, the 

other beneath it. 


Of each of theſe we ſhall ſay ſomething;but-before we proceed, 
it will be neceſſary in the firſt place to ſhew how to finde the Sci- 
tuation of any Plain. 


I. To finde whether a Plain be Level or Ho»;zontal. 


The performance hereof is already ſhewed by Mr. Stirr#p , in 
his Compleat Dyallift, Page 58. where he hath a. Scheme to this 
pnrpoſe, I ſhall onely mention it: Get a ſmooth Board, let it have 
one right edge, and near to that edge , let a hole be cut in it for a 
Plummet to play in ; draw a Line croſs the Board Perpendicular, 
to the ſtreight edge thereof paſſing through the former hole ; if 
then ſetting the Board on its ſmooth edge, and holding it Perpen- 


dictlarly, 


- EE I TO TT TI Ons : ——  -——— 
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To finde the Scituation of a Plain; 
dicularly, ſo that the Plummet may play in the hole, if which wa 

ſoever the Board be turned, the threed will fall ( being held up. 
right with the Plummer at the end of it, playing in the former 
hole) direftly on the Perpendicular Line drawn croGs the Board, 


the ſaid Line ng wayes Reclining from it, the Plain is Horizontal, 
otherwiſe not, 


3. To take the Altitude of the Sun without Infir ument, 


HE 4 


+ B = 


® 


Upon any Smooth Board, draw two Lines at right Angles, as 
A Band A C,and upon A as a Center with 60* of a Line of Chords 
deſcribe the Arch B C, and into the Center thereof, at A drive in 
a Pin or Stcel Needle, upon which hang a threed and Plummer, 
then when you would obſerve an Altitude , hold the Board foto - 
the Sun, that the ſhaddow of the Pin or Needle may fall on the 
Line AC, and where the threed interſeRs the Arch BC, ſeta 
mark , ſuppoſe at E then meaſure the Ark BE on your Line of 
Chords, and it ſhews the Alcitude ſought , for want of a Line of 
Chords, youmay firſt divide the Arch BC into 9arts, and the 
firſt of thoſe Divifions into 10 ſmaller parts. | 


3. Todraw a Horizontal and Vertical Line upon a Plain. 


The readyelt and moſt certain way to dothis, eſpecially if. 
the Plain lan downwards from the Zenith, will be by help of « 
threed and Plummet held Readily, ® make two picks at a 4 

D3z , Ab: 


A To finde the Reclination of 4 Plain, 
rent diſtance in the ſhadow of the threed on the Plain, projefted 
by the eye , and a Line drawn through! thoſe, or parallel to thoſe 
two points , ſhall be the Plains perpendicular or Vertical Line,and 
a Line drawn perpendicular tothe ſaid Line , (hall be the Plains 
Horizontal Line. 


To finde the Reclinatioa of a Plain. 


The Reclination of a Plain , is the Angle comprehended be- 
tween the Plains perpendicular, and the Axis of the Horizon, and 
the ſame Definition may ſerve for the 1nclination, onely the vpper 
face of a Plain, leanif\g from the Zenith, is ſaid to recline, and 
the under face to incline. In this ſenſe Mr. 0#ghtred in his Circles of 
Proportion, Mr. els in his Dyalling, Mr. NeW:on in his Inſtitv- 
tion, and Mr, Foſter in his late writings, underRand it, and fo it is 
to be taken throughout this Treatiſe ; but here it will not be a- 
miſs to intimate that Mr. Gunter, Mr. Wingate, and Mr. Foſter in 
a Treatiſe of a Quadrant, publiſhed in A»»o 1638. account the 
Inclination from the Horizon ; the complement of the Angle here 
defined, and accordingly have ſuited their P. oportions thereto, in 
which ſenſe, the Reclining fide is ſaid to be the upper face of an 
Incliner ; but for the future it will be inconvenient to take it any 
morein that Acception. 

: Now to finde the Reclination of a Plain,apply the ſtreight edge 
of the Board we uſed for trying of Horizontal Plains,to the Plains 
perpendicular, holding the threed and plummet ſo in the grooved 
hole, that it mayinterſe@ the line, parallel to the ſtreight edge of the 
Board, and make two pricks upon the Board where the threed pal- 
ſeth, and it will make an Angle with the faid Line, equal to the 
Plains Reclination, to be meaſured with Chords, according as 
was direRed for taking of Altitndes ; and if nced require, a Line 
may be drawn parallel to that drawn on the Board, which repre- 
ſented the threed, which will make the ſame Angle with the Plains 
perpendicular, the former Line did. 

The Inclination will be eaſily got, by applying the Rreight edge 
of the Board, to the Plains perpendicular, and Folding the threed: 


and plummet fo at liberty, as that it may croſs the Line paralktto 
the Boards ſtreight edge , and it will make an Angle therewith, 
equal to the Plains Inclinations 


of 


To finde the Dechination of 4 Plain. 5* 
Of Declining Plains. 

A Plain hath its Denominations from the Scituation of its Poles; 
by the Poles of a Plain, is meant a Line imagined to paſs through 
the Plain at right Angles thereto, the Extremities of which Line 
on both ſides the Plain, are called its Poles. If a Plain look full 
South , without ſwerving , either to the Eaſt or Weſt, it is 
faid to beadire South Plain, if it ſwerve towards Eaſt or Weſt, it 
is ſaid to decline thereto ; if it ſtand upright without leaning, it is 
ſaid to be ere Now a South Plain that jo £2 Eaſtward,the oppo- 
fite face thereto, is ſaid to be a North Plain declining as much Welt- 
ward, by which means the Neclination of a Plain will never exceed 
gf, and to which fenſe the following direQions thoroughout this 
Treatiſe are ſuited. Now we may define theDeclination of a Plain-to 
be the Arch of the Horizon, contained between the true Points of 
Eaſt or Weſt, and the Plain, equal whereto is the Arch ofthe Ho- 
rizon between the true North or South, and that Vertical 'Circle 
or Azimuth that paſſeth through the Plains Poles. 


T« finde the Declination of « Plain. 


Upon a Board, having one ſtreight ſmooth edge, draw a Line pa- 
rallel thereto, and thereon deſcribe a Semicircle, with the Radius of 
the Chords, which diſtinguiſh into two Quadrantsby a perpendicu- 
lar from the Centcr ; then holding the Board parallel to. the Hori- 
zon, and applying the treight edge to the Wall , hold up a threed 
and Plummer , ſo that the. ſhadow thereof may paſs through the 
Center,and in the ſhadow,make a mark near theLimb, fron which a- 
Line drawn into the Center ſhal repreſent the ſhadow of the threed. 
In this Scheam, lee 
© C repreſent the 
ſhadow of the 
threed paſſing tho» 
row the Center y. 
at the ſame inſtait, 
take the Suns Alti- 
tude,and bythe fol 

| Towing direftions, 
— EEC : B finde this Syns true 
« © £ 7 Att 


6 A general Protradtion for the AFimmth, 
Azimuth, Admit the Sun be 75% to the Eaſtwards of the South, 
prick it from © to S, then the diſtance between Pand S. ſhews.the 
quantity of the Plains Declination, and the Coaſt is alſo ſhewn, for 
if P fall to the Eaſtwards of S, the Declination is Eaſtwards, if to 
the Weſtwards of it, it is Weftward ; in this Example it is 30* 
Eaſtwards. 

We may ſuppoſe that the Reader 'knoweth which way from the 
Line of ſhadow to ſet of the Suns true Coaſt, 'that he may ealily do 
by obſerving the Coiſt of his riſing or ſerting , or whether 'his Al- 
titude increaſe or decreaſe, and needs no direQions, 


A General Proportion for finding the Azimuth. 


As the Coſine of the Altitude, Is to the Secant of the Latitu de, 

Or 'as the Coſine of the Latitude : Is to the Secant of the Altitude ; 

So is the difference of the Verſed Sines of the Suns diſtance from the = 
levated Pole, and of the Ark of difference between the Latitua: 
and eAltitude. 

Ti —— Verſed Sine of the Azimuth from the North in this Hemi- 
Prere. 


Declinationa3* 31, 
North, 
Latitude 51% 33 


Azimuth 105* 


from the North 


= —. K 7 2 


Upon C as a Center, deſcribe the Semictrcle E BM, and draw 
ECM the Diameter, and CB from the Center perpendicular 
dghereto, from B ſer off the Declination to D, the Latitude to L, the 
Altitude toA; and draw the Line C A continued. The neareſt 
diſtance from D to BC when the Declination is North , place 


fre 
4 
4 
c . 
— 
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[7 
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Ctowards M when Sonth towards E,-and thereto ſet K, 
 theDiameter EM to repreſent the Secant of the Latitudegthe 


Altitude 41*: 34 


1 


To draw 4 Horizontal Dyal, ” | -* 7 
of the ſaid Secant (hall be the Coſine of the Latitude doubled ; 
wherefore the neareſt diltance from L to C M doubled, ſhall be the 
Radius to the ſaid Secant, which prick on the Line of Altitude from 
Cto Z, then the neareſt diſtance from Z.toC M ſhall bethe Go- 
fine of the Altitude to that Radius, which extent prick from E to 
F, and draw the Lines EF and FM; then for the third. term of 
the proportion,take the diſtance between A 2nd L,and prick it from 
M to G, from which point take the neareſt diſtance to B C; and 
place it from C to X,ſo is the diſtance K X,the difference of theVer- 
ſed Sines ſought, whieh prick from F to Q, and draw QR paral- 
lelto FM, fo is R M the Verſed Sine of the Suns Azimuth from the 
North ſought. and C R. the Sine of it to the Southwards of the 
Eaſt or Welt, and B P the meaſure thereof in the Limbe, found by 
drawing a Line from R parallelto GB; in this Example the Suns 
true:Goaſt is 15 to the Southwards of the Ealit or Weſt. Note al- 
ſo, that the Point: R may be found without drawing the Lines E F, 
Q R by entring the extent K X , ſo that one foot reſting on the 
Diameter, the other turned about, may but juſt touch F M, 


To make a Horizontal Dyal. 


A Plain is then ſaid to be Horizontal , when it is parallel to the 
Horizontal Circle of the Sphere proper to the place of Habitation; 
theſe are ſuch kinde of Dyals as ſtand commonly upon. poſts in_a 


Garden. ; +; 
By the former DireRions, a true Meridian Line may be found, let 


it here be repreſented by the Line F M. 
A Hori ontal Dyal for the Latitude of London, 


51 degrees, 32 mimntes, 


Croſs the ſame with a perpendicular, to wit, the Line of Six, and 
draw an Oblong or ſquare figure as here is done , wherein to-write 
the hours, from M to C ſet off ſuch a Radius as you intend todraw 
a Circle withall , which for convenience may be as big as the Plain 
wilt admit, and therewith upon G as a Genter deſcribe a Gircle,and 
ſet off the Radius of the ſaid Circle from Frod, from M to k, ,and 
draw the right Line F d, then prick the Poles height or Latitude - 
of theylace from f to L, ard from L to S, and through the point 
$ draw the Line MS, and it ſhall repreſent the Cock or Stiles height 


SES: "To delitieate full South'or North Dyals, 
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fromthe point L, take the neaceſt diſtance to- F M,-ahd- prick that 
extent from F'to N'on the Lirie F d, then a Ruler laifrom/N to k; 
where ic interſeRs the Meridian is the Regulating point, or point ©, 
then from M divide the Circle into 'twelve equal parts for the 
whole hours, ſetting the Letters of the Alphabet thereto ; and- lay a 
ruler from the Regulating point to each of thoſe Diviſions, and it 
will interſe&the Circle on the oppoſite ſide, from which InterſeAt- 
ons, Lines drawn into the Center at M, (hall be the hours Lines re- 
quired, to be produced beyond the Center., as many as are needful, 
which (ball be the hours before or after 6in the' Summer half year, 
the halfs and quarters are after the ſame manner tobe inſcribed, by 
dividing each equal diviſion of the Circts into halfs and quarters: 

This Circular Dyalling, was in effe&, pabliſhed and invented by 

"Mr. Foſter in his book of a Quadrant, in Anno 1638. forthe de- 
monſtration of this'Work will demonſtrate the truth of thoſe Cir- 
cular performances , which he Operates on the back of that Qua- 
drant,but is more expreſly hinted in his Poſthnma , the demonſtrati- 
on whereof ſhall follow. 

Thoſe that bave plain Tables with a Frame, may have Tangent 
Lines put on the ſides of their Frame; and then if a Center be found 
upon the paper under the Frame by the InterſeRion'of a Ruler laid 
over thoſe Tangents, the requiſite Diviſions of a Circle to any Ra- 

+@ius that can be deſcribed upon the paper , will be moſt readily given 
withour dividing any Circtcor fetting of Marks or Letters thereto, 
the Frame keeping faſt that paper , on which «be _— of the 
Dyalis made, which may alſo be ſupplyed from a Circle divided on 
Paſtboard cut out, which'is to be Laced upon a Board over the paper 
whereon the Draught & to be made. 


An wpright full South Dyal, 


©- This is no other then a Hoffzontal Dyal, in that Latitude which 
15 equal to the complement” of the Latitude of the place, you are 
in, onely the hours muſt not be continued beyond the Center , and 
the Delineation requires no other direions then the former, 

'On adire& North Dyal, in this Laticude, there will not be above 
'ewo hours above, and ewo hours beneath each'end of the Horizon- 
ral Line to be exprefled, and the Stile will. bave the ſame Elevation 
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Todelineate full South or North Dyals, 's 

In all upright North and South Plains, the Meridian or hour line of 
12 is perpendicular to the Plains Horizontalline , if the Plain be di- 
rec the height of the Stile above the ſubſtile, is equal to the comple- 
ment of the Latitude. | | 


IF the Plain be South Reclining, or North Inclining, the height 
of the Stile above the ſubſtile , is equal to the Ark of a 


tween the complement of che Latitude and the Ark of Te*elina- 


tion, and if this latter Ark be greater then the former, the con- 
trary Pole is elevated. 

If the Plain be South Inclining , or North Reclining, the height 
of the Stile above the ſubſtile, is equal to the ſum of th Colatitude, 


and of the To. Felination z and when this latter Ark is greater then 


the Latitude, the Stiles height will be greater then a Quadrant... 

Such Horizontal or dire& South Dyals, both upright and leaning, 
whereon the ftile hath but ſmall Elevation, are to be drawn with a 
double Tangent Line without a Center, wherein the following di- 
reions for dire Polar plains, and thoſe for other Oblique plains, 
whereon the [tile hath but ſmall elevation, will fully dire& you. 

All Plains that cut the Axis of the World, have a Center g but if 
they be parallel thereto, the ſtile hath no Elevation, 

Such dire& South Reclining, or North Inclining Plains , whoſe 
Arch of Reclination is equal to the complement of the Latitude , are 
parallel to the Axis, and are called Polar plains; in theſe the Hour 
Lines will be Tangent Lines of any aſſumed Radius, and the paral- 
lel height of the ſtile above the plain,muſt be made co the Radi 
us of the Tangent, by which the hours were ſet off, phaoroa 


10 Todividea Tangent Line into Hours and Quarters. 


ed 
_— 


Firſt draw the Tangent line CG,and perpendicular thereto ACB, 
upon C as a Center, with any Radius deſcribe the Quadrant of a 
Circle HB, and prick off the Radius from Cto A, from H eto E, 
from Bro D, from D to F,” from F twice to G. 

A Rulerlaid from A to E findes the point 1 on the Tangent C G 
-For the hour line of one, and laid from A to D findes the point 2 
for the hour line of two, the hour line of three is at the point H, of 
four at the point F, of five at the poine G; thus are the whole hours 
eafily inſerted. 


Now to inſert the halfs and quarters. 


Divide the Arches BE, ED, DH into halfs, and a Ruler laid 
from A to thoſe diviſions wil finde points upon CH,where all the half 
hours under 45% are to be graduated ; and if a Ruler be laid from B 
to thoſereſpeRive diviſions of the _— B H,it will finde points 
on the Tangent CG, where the whole hours and halfs are to be 


graduated above 45*, after the ſame manner are the quarters to be 
inſerted ;- But in regard the halfs and quarters above 45* will by this 
__ be found with much-uncertainty,I have added the help fol- 
owing. 

Fir, Divide the halfs and quarters under 45% as now directed, 
then for thoſe above make uſe of this Table.. e 


In 


To divide a Tangent line into Hours and Quarters, 11 


In a diret South} C Are equal to the di- This I do not 
Polar Dyal. ſtances of theſe aſſert to beabſo- 
The diſtances of hour lines, lutely true, but fo 
theſe hour lines. neer the truth, 

F that there wil 

San } fad o| » not arive above 

3; and 4 1: and 2+ one thouſandth 

23 and 3 1: doubled part of the Radi- 
4:and 4; > : and 1: us difference'in 

44 and 4 , 33 and 3: doubled : the greateſt Dy- 

| : otherwiſe, al that is made, 

| 12 and 2: and will be more 

43and qi j} {2 and 33 certain then any 
SecQor,though of 


a Vaſt Radius,or then they can with convenience be pricke down the 
common way, by a Contingent Line, the meaning of the Table will 
be illuſtrated bj; one or tio examples. 

The diſtance between the hour lines of two and a quarter; and 
three and three quarters will be equal to twice the diltance berween 
the hour lines of twelve, and one and a hilf. 

Alſo the diſtance between four and a quarter, ard four and. a-hialf, 
is equal to rwice the diſtance b-tween three and a h:If, and three 
and three quarters ; or it is equal to the diſtance berween one and 
three quarters, and two and three quarters, but the former is nearer 
the truch, 

It will be inconvenient in ſuch plains, as alf in dire Eaſt or 
by = Dyals,to expreſs any hour line from che {ubſtile beyond 75% or 
5 hours. 

To theſe I may add ſome other obſervations which were commu- 
nicated by DoRor Richard Sterne, to Mr. Sutton , which may be of 
uſe to try the truth of theſe kinde of Plains, 

I, Thediſtance between the hours of 3 and 4, is equal to the di- 
ance between the hours of 1 and 3. 

2. The diſtance between the hours of 2 and 4, is double to the di- 
ſtance between the hours of 12and 2. 

. The diſtance between the hours of 11 and 4, is double to the 
diſtance between 12 and 3, or to that between 9 and 1 2, and ſo equal 
to the diſtance between 9 and 3, alſo equal to the difiance berween 
405. 27, 


nor 0 To draw 4 Polar ayd Equinottial Dyal, 
-4- The diſtance between the hours of. 11 and 5, is double to the 
diſtance between the hoursof 11 and 4, as alſo to the diſtan: e-be- 
tween the hours of 4 and 5, and between 9 and 3; and qua- 
&ruple to the diſtance between 12 and g, or between 12 and 3. 
Theſe are abſolutely t. ue, as may be found by comparing the dif- 
ferences of the reſpeAive Tangents from the natural Tables. 


To dra a Polar dire South Dyal. 


Having drawn the Plains perpendicular in the middle of the Plain, 
tet that be the hour line of 12, then aſſuming the ſtile to be of any 
convenient parallel height, that will ſuit the plain , making that Ra- 
dius,divide a Tangent line into hours and quarters by the former di- 
rections,and prick th m down on the Plain, upon a line drawn per- 
pendicular to the Mecidian or hour line of 12 on each ſide thereof,and 
through the points ſo prickt off, draw lines parallel to the Meridian 
fine, and they ſhall be the hour lines required, as in the Example. 


A D:re Sonth Dyal - 39% 28 being a Polar plain 
in the Latitude of 51* 32'. 
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To deſcribe an Equinott;al Dyal. 


* Such dirb& North Recliners,or South Incliners, whoſe Io del 


nation is equal to the Latitude, are parallel to the EquinoRial Cir- 
cle, and are therefore called EquinoQtial Dyals, there is no difficul- 
ty in deſcribing of theſe : Divide a circle into 24 equal parts for the 
wholebours, & afterwardsinto halfs & quarters, and placethe Meri- 
dian line in the Plains perpendicular,aſſaming as many of the former 
hours as the San c:n hine upon for either face, and then placing a 
round Wyre in the Center for the Stile ,. perpendicular to the Plain, 
andtheDyalis finiſbed, = To 


A South plane 
— ng 30 Eadt, 
Latthude 51-33 
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To prick off the Requi ſites of upright De ers. + 7 
To prick off the Subſtile and Stiles herght exupright Decliners 


in their true Coaft and quantity, 


- On ſuch Plains draw a Horizontal Line , and croſs the ſame. with 
a perpendicular or Vertical , at the interſeion ſet V at the upper 
end of the Vertical Line fet S, at the lower end N, at the Ealt end 
of the Horizontal Line ſet E, at the Weſt endW, prick off the Decli- 
nation of the Plain in its proper Coaſt from S orN to D, and draw 
DV through the Center, the ſame way cont off the Latitude to 
L, and from it draw a Line into the Center;in the ſame quarter make 
a Geometrical ſquare of any proportion at pleaſure, ſo that two 
fides thereof may be parallel to the Horizontal and Vertical Line, at 
the interſection of one of the fides thereof, with the Vertical ſer A, 
and of the other fide, with the Horizontal Eine,ſet B, and where 
the Latitude Line interſeAs the ſide of the ſquare;ſet F. IS 


To prick off the Subſtilar, 


For Latitudes above 45% take BF, and prick it on the Line of De-' 08 
clination beyond the Center from V to ©, ard row the prank. lO; . £1528 
draiv the Line OC parallel co the Verticat Line, and produced, be-— - bo 
yord O, if need require, and thereon from C to I prick the ſide of 
the Square, and a line draws into the” Center, ſhall be the Subſtilar* 
line ; but for Latitudes under 45% prick the fide of the ſquare from. 
V to O, and draw OC as before, and make CI equal to AF, and a' 
line from I drain into the Center, ſhall be the Subſtitar line; 4» 

Stiles Height. 624.26 B%d 

From the Point I ere the extent OC perpendicalarly to the abs. | 158 
ſtilar VT, at the extremity thereof ſer K, from whence draiv a line. 1, 
into-the Center, and the Angle IVK will fhew how much the ſtile s; ©, */ Ges © 
wa vated above the fubſtilar line, Bos ob. : Ws 
11-ordto the Demonſtration hereof, let i he obſerved that an © > 
Angle may be prickt off by Sines or Tangents in ſtead of Chords; 1 --- + 3:55 
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14 Toprickoff an Angle by Sint or Tangents, 


Toprickoff an Angle by Sines or Tangents. 


As in the Scheme an- 
nexed, let BC be Radius, 
and let there be an arch 
prickt off with Chords, 
as BE ; Ifay,if the Tan- 
gent of the ſaid Ark BA 
be taken out of a line of 

Tangents to the fame 

b > vo Radius, and be creed 

perpendicular to the 

| cnd of che Radius, as 

BA, a line drawn from A into the center, (hall include the ſame An- 

gle as was prickt off by Chords, as is evident from the definition of 
a Tangent. 

In like manner an Angle may be prickt off by Sines, the neareſt di- 
ſtancefrom Eto BC is the Sine of the Arch BE, fo in like manner 
the neareſt diſtance from B to EC, is 'the Sine of the ſame 
Arch; wherefore if with the Sine of an Arch from the end 
of the Radius be deſcribed another Ark, as F, and from the-Cen- 
ter or other extremitie of the Radius, a line drawn jukt tou- 
ching the ſame, the Angle included between the ſaid line, and the 
Radhis ſhall be an Ark equal to the Ark belonging to the ſaid Sine ; 
and what is here done by a line of natural Sines or Ta ngents, by help 
of a Decimal line of equal parts, equal to the Radius'may be done by 
help of the natural Tables without chem. 

Any Proportion relating to the ſixteen caſes of Spherical Triangles, 
amongſt which the Radius is always ingredient , may be ſo varyed, 
that the Radius may be in the third place , and a Tangent or a Sine 
in the fourth place, and then if the Ark belonging to the fourth, 
Proportional be known, an Angle equal thereto may be prickt off by 
Tangents or Sines according to the nature of the fourth term, as be« 
forh ; if it be unknown, notwithſtanding an Angle equal thereto 
may be prickt off with Sines or Tangents according to the nature of 
the fourth term, from the two firſt terms of the Proportion, becauſe 
they arc in ſuch Proportion, the ficſt to the ſecond, as the Radjus or 
third term is to the fourth ; upoa this Baſis follows the demonſtra- 
tion of this Scheme. The 


Demonſtration for the Requiſites of upright Decliners, 15 


The Demonſtration of the former Scheme for 
wpright Decliners. 


I, That the Subltilar Line is true prickt off. 


Afming VB equal to VA to be Radius,then BF becomes the Co- 
tangent of the Laticude, whereto V O is made equal, which becom- 
ing Radius, O C is the Coſiae of the Declination, and V C the Sine. 
Now one of the Proportions for finding. the Subſtile diſtance from 
the Meridian is this following : 


As the Sine of the Plas Declination, 
Is to the T angent of the Latitude : 
So ts the Radins to the Tangent of the Subftiles diſtance from thy 
Horizomal Line, 


From whence it follows , that if the Sine of the Declination be 
pricked on the Horizontal Line from the-Center , as V C, and the 
Tangent of the Laticude, erefted perpendicularly thereto,as CI equal 
to VA, it ſhall give a point from whence a-Line drawn into the cen- 
ter, ſhall be the Subſtilar Line. | | 

Now I am to prove that VA is the Tangent of the. Latitude, thus, 
it is made good : Ina Tangent Line of 45*, if the Tangent of any 
part or ark of it be afſumed to be Radius ( as here FB the Cotan» 
gent of the Latitude equal ro V O, which before was made Radius ) 
then doth the ſaid whole Tangent line / which in this caſe is any fide 
of the Square) become the Tangent of that arks complement ; thus, 
V A becomes the Tangent of the Latitude, becauſe the Radius is a 
mean Proportional between the Tangent of an Ark, and the Tangent 
of that Arks complement ; For, 

As the Cotangent of the Latitade BF, Is to the Radius BG, 

$9 us the Radius BF,to the Tangent of the Latitude BG, there being 

the likg Proportion betWeen the to latter, as che tWo former terwss. - 


2. That the Stiles Height is true prickt off, 
« "To perform this, the Coline of the Declination O C, to that leſ- 
ſer Radj sereed perpendicularly from the point I, in the Sub- 
ſtilar and I K made equal thereto. Now one of the Propor- 
tions far calculating the. Stiles height is :. | 7 
| : | * 
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16 Demonſtration for the Requiſites of upright Decliners, 


As the Secant of the Latitude, Is to the Coſine of the Declination : 
So 1 the Radirs, To the Sine of the Stiles Height. 


Conſequently. the Stiles height may be prickt off from the two firſt 
terms of the Proportion, if it can«be proved that VKis the Secant 
of the Latitude , here let it be remembred that VP is the Tangent 
of the Latitude, IP the Sine of the Declination,and IK the Coline, 

By conſtruRion the Angles VPI and VIK are right Angles, there- 
fore the ſquare of VI is equal to the two ſquares of VP, and IP by 
47 Prop. 1 Euclid ; again the ſquare of VK is equal to the two 
ſquares of IK and IV , wherefore the ſquare of VK is equal tothe 
ſum of che three ſquares of IK, IP and VP; but'thg ſquares of PI a 
Sine,and IK its 'C ofine are <qual to the ſquare of the Radius, 

But the ſquare of the Radius , and the ſquare of VP, the Tangent 
of the Latitude, is equal to the ſquare of VK, therefore VK is the 
Secant of the Latitude, becauſe the ſquare of the Radius, more the 
ſquare of the Tangent of any Ark, is equalto the ſquare of the 
Secant of the faid Ark. 

3. That VK isequal to VE. 

Let VF be an aſſumed Radius, ſo will FB be the Cofine of the Lati. 
tud=.Again obſerve that in any line of Sines,if the Sine of any Ark be 
made Radius, the 'whole line becomes the Secant of that Arks 
complement , ſo here 7X being the Secant of the Latitude is 
equal to VF the Radius, for let VT be made equal to VF, I fay ic 
holds as VO the Coſine of the Latitude , is to the Radius YT, ſo is 
YO the Radius to /T the Secant of the Latitude, which is therefore 
equalto /X. | 

Whence the trouble of raiſing a perpendicular in this Scheme, be- 
cauſe the ſide of the ſquare paſſeth through the completnentof the La- 
titude,is ſhunned the point K falling in the ontward circumference. 

Laſtly, from all this it unavoidably follows that YTis the Cofine, 
and-IK the Sine of the Stiles height to the Radius FF, which was to 
be proved. 


CAnwpright South Dyal, Declining 30 degrees Eaſtwards, 
Latitude 51 degrees, 32 minutes, 
. To draW the how Lines of the former upright Decliuws'” '\ 
Firſt dravy the Plains perpendicular CO, which for upright Plains | 
8 
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To inſcribe the Hours in au upright Deeliner, 15 
is the Meridian line, and with the Radius /F of the former Scheme, 


draw an occult Ark upon Ws a center, and therein ſer off NY wort 
rt a 


5y ual to TN of the former Scheme, and draw the line /Y C fo 
ſadſtile, and with the Radius Y{deſcribe a circle thereon, 


1, The firſt work will be to finde the Regulating Point in 
the Subftilejcalled the Point Sol. 


Prick the Radius of the ſaid Circle from 1toP , andfrom C to 

and draw the Line I P, and therein make IK equal to IK in the 

former Scheme, then 2 ruler [aid from Kto Q, where itinterſeQs 
the Subſtilar is the RegMring Point .Q. 


2. To finde a Point from whe nce the Circle ts to be divided 
into 12 equal parts. 


Lay a Ruler from O to the point ©, and it interſeRt the Circle 
on the Oppoſite (ide;at it ſet M, 


3. To divide the Circle. 


From the point M before found, lay a ruler through the Center 
V, and it will finde a Point on the other fide the circle, at it ſet f, 
the points MF divide the Gircle into-balfs , and each half i is to be 
I into ſix parts,the Radius VM will eafily divide each half into 

three parts, and then it will. be eaſie to divide each of thoſe parts 
into halfs , and ſo the whole Circle will be divided into 72 equal 
parts; and if-it bedefired to inſcribe the half hours and quarters, 
then muff-cach of 'thoſe parts be divided into halfs and quarters, 

Having thus divided the Gircle into 12 parts, PT them 
with the Leteers of the Alphabet. 


4. To draw the hour lines, and to number FYVG 


Lay + Riler to each of thoſe Letter divifions, and upon the'Regu- 
lating Point, © in the Subſtile, ant it will finde poirits 6r-the*Oppo- 
fits fide of the Circle From which if lines be drawn ifto the Sumter 
at oven # ſhall bethe hour lines required, | | 
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nts. throug h "which. the .hour lines are to be draivh, 
ihe the our x lin $cafnot be drawn Ffom/rhe fab 
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38 Tor inſcribethe hours in an upright Decliner, 
-- In'this caſe let any hovr line near the ſaid point be RE ,if 
need require, and upon C as a Center with the Radins CY deſcribe 
the Ark of a Circle from the produced hour-line , take half the di- 
tance berween the point , where the produced hour line, cuts the 
Circle, and'the point through which the hour line propoſed is to 
be drawn,and prick that extent off in the Arch ſwept, ſetting one 
foot where the Arch ſwept cuts the hour line already drawn, 
from whence half the diſtance was meaſured , and the other foot 
will finde a Point in the ſaid Arch, through which the hour line deſi- 
on : to paſs ; Thus we inſcribed the hour line of three in the former 
yal. 

When the Nortk Pole is elevated, the Center of the Dyal mull be 
below, but when the South Pole is clevated,as in this example,it mult 
be above, and the Point © muſt be alwayes found in the other part 
of the Diameter moſt remote from the Center. 

6. The Stiles height may be transferred from the former Scheme 
into this, by pricking the Arch TK twice in this Circle , and it 
findes 2 point , from whence a line drawn into the Center,ſhall re- 
preſent the Stile, 


That the hoar lines are true Delineated. 


The,Point Sol found in the Subſtile , divides the Diameter of the 
Circk drawn on the ſaid Svbitile in ſach P: oortion, as the Radius 
is to the Sine of the Stiles heighe,, by reaſon of the equiangled Tri- 
angles, whoſe Baſes bear ſuck proportion as their perpendiculars. 

The next work performed by dividing the Circle into 1 2cqual 
parts, and finding points on the oppoſite fide, by laying # ruler over 
thoſe equal parts through the point Sol,carrieth on this Proportion. 


As the Radins 45 ta the Tangent of the hour from the ſnbſtile, 

S015 the Sineof the. Stiles height Se 

To the Tangent of the hour lmme, from the Subſtile, being the pre- 
portion uſed in all Dyals, Whereby to ſet off the hours, | I 


Tn the third figure followiog, let B A repreſent the Subſtile , and 
let the Regulating Point be at. M,. fo that B Mbears ſuch Proportion 
to MA, astheRadius doth to the Sine of dr Sitahoke, beech 

icular BHE repreſent a line of Tangenes , whole Radios is 
equalto BC, and the perpendicular AD, another line of Tangents 
to | 


That the hour lints are true Delineated: 9: 
to the ame Radius both infinitely produced , gn tet BE repreſent 
the Tangent of ſome particular Arch or hour co be drawn; from E 
through the point M draw a right lineto D , agd the Propertion 
lies evident in right lines. mn «1 

As the Radins B M : Is to the Tangent of the hor line from the 

Swbtile BE:: $9 ts the Sine of the Stiles height M A 

7, the tangent of the bour line from the ſwbſizle AD. 

If from every degree of a Tangent line , lines be drawn into the 
Center of the Circle proper to that Tangent , they ſhall divide that 

uvadrant to which they belong into go equal parts, this follows 
from the definition of Tangents, but if the lines be drawn from every 
degree of the ſaid tangent tothe extreamity of the diamer,they ſhall 
divide aSemicircle into go equal parts by 2oProp.z3.Euclid. becauſe «n - 
Angle in the Circumference, is but half ſo much asit is inthe Center. 

Thus the Semicircle BGA is ſuppoſed to be divided iato 90 equal 
parts from the Tangent BE,by lines drawnto A, as is the lineEGA, 
{o is the other Semicircle from the other Tangent AD,by lines drawn 
to B, as is BED; Now if it can be demonſtrated that the points 
GMPF arcin a right line, it follows that the. ſame Proportions may 
be carried on from the equal diviſions of theſe Semicircles , as were 
done inthe right Tangent lines BE and AD, this Propoſition being 
very well Geometrically demonſtrated by my loving friend Mr. 
Thamas Harvy; bis Demonſtration thereof (hall hereafter follow. 

Having found the diltance of the hour line, from the fubliltle A B 
if Bbe made the Center of che Dyal , the right line BF drawn into 
the Center, ſhall repreſent the hour line propoſed, :making the ſame 
Angle with the Subſtile, as was found by the-proportion ; note that 
no hourcan be further diſtant on one le or other of the Subſtile 
then 99*, and the faid Ark af diltance will be found in one of the 
Semicircles , and if the Center were not placed in the Circunife- 
rence, the Angle found would be.extended beyond irs duc quantity, 
inall upright Decliners or leaning\Rlains: The firſt Proportion carricd 
on,is this; | 

eA« the Sine of the Stiles height: 

1s ta the tangent of the diſtance between the Meridian and ſubſtile:: 

Fo % the Ragdins : 40 the tangent af the inclination of Heridians:: 

Whersby is found.the poigt fxgm-phence the Circle is to begin to 
be divided igto 12 parts for rthe whale hours with their halfs and 

ITS 7, ,. _ quarters, 


_ 


926 Demonſtration for inſcribing the honr lines, | 
quarters, and thoſe equal diviſions give the Angles between the Me- 
ridian of the plain, and the reſpe&ive hours, called by ſome the An- 
gles at the Pole , and thenthe work is the ſame as before ; Now to 
the Propoſition, 


Conſirutlion, 


- Theright lines AD, BE are paralle], and touch the Cirele in the 
*extreams of the Diameter AB, DE is drawn at pleaſure, cutting 
The Tangents in Dand E, and the Diameter in M, BD and” AE cur- 
teth the Circumferencein F and G, it is required to be proved that 
the Points F, M, and G,are in a right line, 

Draw the lines MF, MG, firlt if AD be = BE then AM is = 
' *MB,for the Triangles ADM and BEM are <quiangled, therefore M 
is the Centet. Again AD being — BE and the Angle DAB = EZ A 
& AB common to both Triangles DAB, EB A therefore the Angles 
DBA, E AB are equal, and the double of them FA, GMB 
the Angles at the Center,are alſo equal, wherefore FAſand MG is 
one and the ſame right line which was to be proved. 

Secondly,If AD be not equal to BE,as in the ſecond, third,& fourth 
-Scheams let BE be greater,and make BH = AD and B/ = AM, 
'and draw the right line 4Hcutting the Circumferencein K; draw 
likewiſe IX, 1H, GK, andextend GX infinitely both wayes, which 

ſhall be either parallel co AZ (as in the ſecond figure) or cut it in 
the point P 0h one de or the orher , as in the third and fountth fi- 
'gures, in each from the points A and B, andthe Genter C at right 
"Angles to GK, draw the lines 40, BN,CL laſtly draw BG , from 
which Conſtruction it willfollow, That 

for HB is = ADand BI = AM and 

1. His parallelto ED therefore the angle AM/D= B ME is — 
 CBIH wherefore H] is parallel to ED. 
(for HBis = AD and the Angle HB A 
=D AB and AB common to both the 
_ HB 4 and DAB, therefore 

' - 72 the Angles HAB and DBA are equal, 
2. TK parallel to ALF5 4 refore AX=BF, but AX bode 
BF and IA — 1B, and the Angle 
| K AI= MBF, therefore K I is parallel 
to MF, = _ The 


the Angles HZ7 and DAM, are equal, 


4 


. 


Demonſtration for inſcribing the Hanr lines, 21 
3. The Triangles AHEand AG K, are.cquiangled, ſo alfoare 
the Triangles A H B and AGO, becauſe the Angle AKG = ABG 
is =AEBznd E A Hcomtnon to both the Triangles A H.E and 
A GK , therefore they are equiangled ; again the Angles AHB and 
and AG O being equal, the right Angled Triangles ABH and AOG 
are alſo equiangled. 

4. NL is<qual to LO, becauſe BC is equal to CA and NK is= 
GO, becauſeKLis=LG; now in the equiangled Triangles 
ABHAOGas BH:HA:: OG: GA and inthe Triangles AHE, 
AGK asHA:HE :: GAtoGK, therefore (ex equo) it will be 
3S BH: HE::OG:GK, butas BH:HE:BI-:IM for IH is 
parallel to EM. therefore as BI: ]M:: OG : GK but NK'is = 
OG, therefore RI : IM :3 NK : KG, but IC is half of IM and KL 
half of KG, therefore BI: IC ;3 NK : KL, therefore by, Compo« 
ſition of Proportion,as BC : IC :: NL : KL, alternately as BC;NE:; 
IC : KL. 

In the ſecond figure BC is = NL, therefore IC is = KL, where. 
fore (becauſe IC is alſo parallel to KL) IK is parallel to CL,by like 
reaſon OM is alſo parallel to CL, but in the third and fourth figures 
the ſides PC, PL of the Triangle PCL are cut Proportionally by 
the parallel BN,and as before,as BC:NL :: IC : X L,and as PC: PL :: 
BC: NL, therefore PC :PL::IC: KL, wherefore IK is parallel 
to CL. 

Again as before, BC: NL ::IC: KL, But CMis = IC andLG 
is = KL, therefore as BC:NL::CM:LG, but as hath been 
ſaid, as BC: NL:: PC: PL, therefore as PC : PL :: CM : LG,where» 
fore becauſe the ſides PM : PG, of the Triangle PMG are cut 
proportionally in Cand L, CL and MG are parallel one to ano- 
ther. 

Now in all the three figures it hath been proved that IX and 
MG arecither of them parallel to CL, therefore they are parallel 
one to another , wherefore the Angle GMI is equal to the An. 
gle KIB which before was proved to be equal to AMF, there» "yg 
fore the Angles GMI and AMF are equal one to another, where- = 
fore -X and MG is one and the ſame right line which was.tobe *Xþ 
proved, oy 
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T2 To driw an Eaſt or Weſt Dyal, 
| To dra an Eaſt or weſt Dyal. 


Let the hour line of 6x,which is alſo the Subſtilar line ntake an An- 
Plecquel ro the Latitude of the place, with the Plains Horizontal 
ine, above that end of it that points to the Coaſt of the elevated 
Pole, then gJraw a line perpendicular to the Subſtilar line, which ſome 
call a Contingent line, and with ſach a Radius as you determine the 
Stile (ball have parallel height above the Subſtile : divide a Tangent 
line of hours and quarters according to the direRtion for direR Polar 
Recliners , then through thoſe diviſions draw lines parallel to the 
Subſtile and they ſhall be the hour lines required ; thus the hours of 
5 and 7, arecach of them Tangents of 15* from fix , and ſo fos the 
reſt let them be numbred on each fide of fix (being the Subſtile) for 
an Eaft dyal with-the morning hours, for a Weſt dyal with the 
afternoon hours, the one being the complement of the other to 
I2 hours, and therefore we have but one example , namely an Eaſt 
dyal for the Latitude of London. 
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'How to fill this or any other Plain , with any determined number 
of-hours,ſhall afcerwards be handled. 
To 
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A Wet Diall 
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To place the yequiſitits in Faſt o» Weſt leaning Fhiins, ay 
To prick off the requiſites of an Eaſt or Weſt Reclining a 
Inclining Dyal in their true Scituation and quantity, 


In theſe Plains, firſt draw the Plains perpendicutar , and croſs it 
with a Horizonta) line, which is alſo the Meridian line; in any one of 
the quarters, make a Geometrical ſquare, as before dire ed for up- 
right decliners , and from the Plains Vertical in the ſaid Sans 
count off the Latitude to L, and from the Horizontal line in the ſai 
quarter count off the Reclination or Inclination to R, and from L 
and R, draw lines into the Center, and where the Latitude ling 
interſeAs the ide of the ſquare, ſet F. 

I. To prick off the Subſtile. 

For Latitudes above 45* place BF from V the Center ia the Hori- 
zontal line for Recliners Northwards,for Incliners Southwards, and 
thereto ſet O,, and through the ſaid point , draw a line paralle] 50 
the Vertical, and place the neareſt diſtance from A toRYV on the 
former parallel,from O for Recliners upwards to I,but for Incliners 


downwards, and a line thence drawn into the Center , ſhall be th 
Subſtile. , 


2. The Stiles height. 


Phace the neareſt diſtance from B to RV on a perdendicular raifed 
from the point Tin the Subſtile, and it findes the Paint K, whence 
line drawn into the Center, (hall repreſent the Stile. In the ohet 
Hemiſphere ths words Northwards and Sonthwards , wuſt be muy 
tually changed. 


Fer Latitudes wnder 45" 


The fide of the ſquare muſt be placed from Y to O aud AF mult 
be placed on the line of Reclination qr Tnclination from V tg 
E,thc neareft diſtance from.Cto V A placed gn the perpendicular, 
paſſing through Ofor Recliners upwards , but for Incliners down; 
wards, findes the PointT, through which the Subſtile is to paſs, 4 
the neareſt diſtance from C go / B raiſed perpendien'acly on 
point I in the Subſtile,findes the point K for the Stile,as before. 


* Demonſtration. 1. For the Subſtile. 


In thels Pains '2 ge 4 heing Radius FB i the Cotangent of 


the 
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24 For the requiſutes of E. or W. leaning Plains, 
the Latitude and the neareſt diſtance from A to RV,is the Coſine of 


- Reclination or.Inclination to the ſame Radius, and the neareſt di- 


ſtance from 'B to RV, the Sine thereof; this for Latitudes above 
45, but for leſſer Latitudes, AF the Tangent of the Latitude was 
madeRadius, and thereupon the Radius or (ide of the ſquare be- 
became the Cotangent of the Latitude, and the neareſt diſtance 
from C to VA was the Coline, andfrom C to /B the Sine of the 
Reclination or Inclination, ſo that the preſcribed Conſtruction m 


both caſes eres the Cofine of cheRDclination on the Cotangent 
of the Latitude, which is made good from this proportion. 

As the (tangent of the Latitude 

Ts to the (oſine of the Celination from the Zenith 
$0 us the Radins: To the tangent of the Subſtilar - from the XMeri, 


dias: 


2. For the Stile. 


A proportion that will ſerveto prick it off, is, 
As the Coſecant of the Latitude, 1s to the Sine of the 7, Felination 
So 5s the Radins: To the Sine of the Stiles height. | 


Admiet the Stiles height were calculated , and truely prickt off 
by Chords, I ſay if the Sine of the Laticude be made a Radius, as 
the fide of the ſquare is in Latitudes above 45% and as AF is in Lati- 
tudes under 45* the Radius to the ſaid Sine will become the Coſe. 
cant of the Latitude ; now we ſhall prove that VK is the Coſecant 
of the Latitude, the three (quares IK, IO, and OV, are equal to the 
ſquare of VK, as before aſſerted, two of theſe ſquares i and IO 
are equal to the ſquare of the Radius, the third ſquare, viz... of VO 
is the ſquare of the Cygtangent of the Latitude, bur rhe ſquare of 
the Radius, more the ſquare of the Cotangent of. the. Latitude is 
equal to the ſquare of the Goſecant of the Latitude ; I fay then, if 
from K a perpendicular be let fall ro Vi, ſo as that it may be equal 
to theCofine of the'd© clination ſhall prick off the Stile true by the 
direRions for pricking off an Angle by Sines,whereto the proportion 
forthe Stiles height is ſaited'and would'paſs through the point T, be 

i rcalon 


To place the Requiſites in Oblique Platts, ug 

reaſon of.the equality of the three ſquares to the ſquare of Vx 

by conſequence the contrary follows, having the point I firſt _ 

- Point K may be found according to the preſe.ibed Conſtru- 
i0n, 


A Weſt Plain, Reclining 50 degrees, Latitude 
51 degrees, 32 minutes, 


The Point Sol, Subſtile, Stile,and hour-lines, are all found after the 
ſame manner as in an upright Decliner , the Subſtile being ſer: off 
from the Meridian line here, after the ſame manner as it was from 
the Meridian there. 


ID ] 
A South Plain Declining Eaſt 40 degrees, Jaclining ade: 
grees, Latitude, 51 degrees, 32 minutes. 


To prick off the Requijites in all Declining, Reclining , and Incl. 
ing Plains in their trne Coaft and quantity. | 


Now followeth thoſe DireQions inlarged , which as I aid in nl 
Epiſtle, I received from Mr. Thomas Rice. 


LI any Plain firſt draw a true Horizontal line, at the Eaſt end 
thereof ſet E, and at the Weſt end W , croſs the faid line with 
a perpendicular , which may be called the Plains perpendicular; by 
ſome termed the Plains Vertical line, or line of Reclination, at the 
interſetion of theſe two lines ſet V, and upon it a» « Cenxer dex 
ſcribe a Circle (the Radius whereof may be equal'to-60* of, x line 
of Chords) at the upper cnd of the Vettical ling ſet'S, and a the 
lowerend N. | ; 

As the Declination is,ſet it off with Chords from S or N towards 
the.true Coaſt, and at it ſer D, from whence'draw /a line through 
the Center ; alſo ſer off the Latitude of the place the ſame way.and 
in the ſame quarter, and at it ſet L, from which\draw a line to the 
Center. 2 OM 

From:that end of the Horizontal line;tcowards which the declina- 
tion was:counted, ſet the Inclination (which as well as the Reclins= 
is reckoned from the Zenith, the former being the Denominationof 
the under:the latter of the upper Face) upwards towardaSzabd the 
Reclination' downwards rowards N, and at it ſer rhence 
draw a line through the Genter to __ other ſide of the Circle. .... . 


— 


In 


4 


26 To place the Requiſites in Oblique Plains, 

In the fame quarter of Declination,draw HA parallel to the Hori- 
zontal line, and FG parallel tothe Vertical line,” in a Geometrical 
ſquare, of like and of any convenient diſtar ce from the Center at 
pleaſure,and where the Latitude line intecieAs the ſide of the ſquare, 
let the lettet F be placed. 

On the line of Declination beyond the Center, make VO equal 
to FG,and draw OB parallel to the Horizontal line, continued till it 
mect withjthefide of the ſquare FG produced, at the point of con- 
currenice,ſet-B,and where it interſects the Plains perpendicular,ſet P, 
and draw OC parallel to the Vertical line cutting WE at C, and 
make HA equal to OC or BG, now by help of the three points A,B, 
C thus found, the requiſites will be eaſily prickt off, 


1, The Subſtilar line. 


Theneareſt diſtance from A to RV, ſet on the line CO ( produ- 
ced if need be) from C toI the ſame way the diſtance was taken 
from A, that is,if downward or upward, the other mult be ſo too, 
Will ſhew where VI the Subſtilar Line is to be drawn. 


2. T he Stiles height, 


The leaſt diſtance from B to R V, ſet on a perpendicular raiſed up- 
on the Subſtile from the point I will finde the point K, from whence 
draw a Line into the center at V, and the Angle IVK will ſhew how 
much the Stfc is clevarred above the $obſtile, and if the work be true, 
VK and VF will be equal, whence it follows, thavthe trouble of rai- 
fing the mentioned perpendicular may be ſhunned. 


3: The Meridian line. 


The leaſt diſtance from C to RV, ſet upon the Line OPB, from Þ 
on{that fide,which js fartheft- from the Line RV,will finde the Point 
rug whietice's Lintdtawn into the Center, ſhall be the meridi- 
an Line. | 

And I adde that on all North Recliners in the Northern Hemi- 
ſphere, the meridian Line muſt be drawn through the center on the 
other ſide}, and- then the conſtraRtion of the Scheam will- place 
it below the Plains Horitontal Line,” which is its proper Scituation 
for the'faid'vpper face, and for the under face the Scheam placeth it 
true withont caution. MOEWS WE LAY Iag <R, 


e, 


4. A 


To place the Requiſites in Obliqut Plains, 1 
4. 4 Polar Plain how hnoWvn, 


If the line RV fall juſt into B , the Plain is a Polar Plain, in ſuch 
a Plain the Stile hath no height, bur is parallel to the Axis,in this caſe 
the Inclination of Meridians muſt be known, direRions for ſuch 
Plains muſt afterwards follow. | 

But if the line RV fall berween the Points Band P, then muſt 
the Subſtile Stile and Meridian be all drawn through the Center,and 
ſtand beyond on the other (ide, 


Annotations on the former Scheam. 


I. That for Latitudes under 45* this conſtruAion of the Scheam, 
ſappoſeth the ſides of the ſquare produced , which will therefore be 
lyable to large excurſions or other inconveniences, wherefore for 
ſuch Latitudes, 1 ſhall ſomewhat vary from the conſtruRtion pre- 
ſcribed. 

2. Infinding the Subſtilar line, in ſtead of ereing CT upon VC, 
you may prick the ſame on the Vertical line VN, and thereto ereQ 
VC, and get the point I poſlibly with more certainty by finding 
the interſeion of two Arks where the faid Point is to paſs. 

3. In pricking off the Meridian line , the diſtance of C-from the 
Center may be doubled or tripled, but ſo mult likewiſe VP, and the 
neareſt diltance from C to RV ereRted on a line drawn parallel to 
WE,paſſing through the Point ÞP ſo found, and in ſtead of drawing 
ſach a parallel, the Point M may be found by che imerſeftion of 
two Arks. | L 

4. That this Scheam placeth the requiſite of all Dyals in their 
true coaſt and ny , yet notwithſtanding if this Scheam be held 
before a Looking-Glaſs, the Effigies thereof in the Glaſs ſhews how 
the Scheam would happen and place the Requiſites, namely.,the Stile, 
Subſtile and Meridian, ' for a Plain of the ſame Denomination, but 
declining to the contrary Coaſt. ; 

And if the face of- the ſaid Scheam be laid apor-a Window, -ard 
the Subſtile;Stile and Meridian be continued throngh the Center'on 
the backſide thereof, ir ſhews you how theſe requitices are to be pla- 
ced on the oppoſite ſide of the Plain, which being done, mry be held 
before a. Looking-Glaſs as before , and will be repreſented for the 
contrary Detlination of that-qppofite face : the trath of all which 
will be confirmed from the'Scheam itſelf _ 
END E 2 is 
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28 1. Method of Calculation, 
' This Scheam for Declining, Reclining, or.Inclining Plains, uſeth a 
new method of Calculation, derived from an Oblique Triangle in 
the Sphere,wherein there is two fides with the Angle comprehended, 
given to finde both the other Angles , which is reduced by a perpen- 
dicular to two right Angled Triangles , from which the following 
proportions are derived. | 

I hall cherefore firſt deliver the faid method, then demonſtrate 
that the ſaid proportions are carried on in the Scheam ; and laſtly 
from the Sphere, ſhew-how thoſe proportions do ariſe. 

1. To finde a Polar Plains Reclination or Inclination. 
As the Radins, Is to the Cofine of the Plains Declination, 
So ts the Cotangent of the Latitude, To the T angent of the Reclina- 
tion or Inclination ſought. 
2. To finde the diltance of the Subſtile or Meridian line, from 
the plains perpendicular for a Polar plain. 

As the Radins, Is to the Size of a Polar Plains Reclination, 
So ts the Tangent of the Declination, To the Tangent of the Subſt i- 

lar line from the Plains perpendicular, 

3- The Inclination of Meridians, 

As the Radins, Is to the Sine of the Latitude, 
Fo i the Tangent of the Declination, To the T angent of the Inclina- 

tionef Meridians. 

._ Aﬀetlions of « Polar Plain. 

The Subſtilar on the upper facelies above that end of the Hori- 
zontal line, towards the Coaſt of Declination, and the Meridian 
lyes parallel to the Subſtile beyond it, towards that end of the Hori- 
zontal line that is towards the Coaſt of Declination, 

For Dechning, Reclining, or Inclining Plains. 

Firſt finde a Polar Plains Reclination - for the-ſame Declination, 

Then for South Recliners and North Incliners, get the difference, 
but for North Recliners and South Incliners , he ſum of a Polar 


plains Reclination, and of the]. (clinationof the plain propoſed, and 
then it holds, | 
1. For the Subſtile. | 


As the (ofine of the ſaid Ark of difference or ſum according as the 
Plain leans Northward or rats | as 


1 Method of Calculation; 
Is to the Sint of the Polar Plains Reclination , 
So ts the T angent of the Declination, 
T« the T angent of the Subſtilar from the Plains perpendicular. 
2. For the Stiles height. 


As the Radins , 1s to the Cofine of the Subſtiles diſtance from the 
Plains perpendicular, 

So ts the Tangent of the ſum or difference of Reclinations, as before 
limited,T o the T angent of the Stiles height. 


3. Meridians diſtance from the plains perpendicular, 


Ar the Radius, Ir to the Sine of the** Cclimation, 


So # the Tangent of the Declination, | 
To the Tangent of the Meridian from the Plains perpewflicnlar, 


: 4: Inclination of Meridians. 


_ As the Sine of the Stiles height, __ 
Ts tothe tangent of the diſtance between the Meridian and Swbſtile, 
So 15 the Radius, to the tangent of the Inclination of Meridians. 


For South Recliners or North Incliners , the difference between 
the ſubſtiles diſtance from the plains dicular,. and the Meridi- 
ans diſtance therefrom is equal to the diſtance between the Meridi- 
an and Subſtile ; the like for ſuch North Recliners or South Incli- 


ners, as -Recline or Incline more then op Equinactial Plain , having 
the fame declination . hae if tean above it, or have a lefſer Re- 
clination, the ſum is the diſtance between the Meridian and the Sub. 


The three firſt Proportions, beſides the finding of a Polar Reclina- 
tion, are uſed in the Scheam for the placing of the Requiſites, and 
the latter proportion in the Circular Scheam for drawing the haurs, 

© Another proportion for finding the Inclination of Meridians- 
by Calculation, is: 

At the Coſine of the Latitude, ; 

I: to the fine of the ſubſtiles diftance from the Plains perpendicwlar, 


So is the Cofine of the; delinatio of the Plain, 
my | The- 


[ny 


*o . AﬀecHons of Oblique Plains determined. 
The Reclination of an EquinoQtial Plain to any aſſigned Declina- 
tion, is neceſlary for the determining of divers affeRions : The Pro- 
portion to finde it,is : 
As the Radins : Is to the (ſine of the Plains Declination : 

So #5 the T angent of the Latitude, 

T o the T angent of the Reclination ſought. 

The upper tace of an EquinoQtial Plain, is called a North Recli- 
ner, the Meridian deſcends from the end of the Horizontal line op- 
poſite to the Coaſt of Declination, the Subſtilar line is the hour-line 
of fix, and maketh right Angles with the Meridian line. 


Direttions for the true Scituating of the Meridian and 
Swubſtile ſuited to the former method of Calculation. 


I. For Plains leaning Northward:. 

If a South Plain recline more then a Polar Plain, having the ſame 
Declination , the Plain paſſeth beneath the Pole of the World , the 
North Pole is elevated upon the upper face, the Subſtile and Meri. 
dian line lye above that end of the Plains Horizontal line, towards 
the Coalt of Declination, the Subſtilar line being next the Plains per- 
pendicular, | | 

For the under face _ a North Tncliner, the South Pole is cleva- 
ted , the lines lye in the ſame poſition below the plains Horizontal 
line, and on the contrary fide of the plains perpendicular. 

If a South Plains Reclination be leſs then the Polar Plains Recli- 
-nation, the Plain paſſeth above The Pole, and the North Pole is ele. 
-vated on the ander face, being rhe inclining fide. 

The Subſtile and meridian lye above that end of the Plains Hori- 
zontal line that is oppoſite to the Coalt of Declination , the meri- 
dian being neareſt che Plains perpendicular, for the upper face being 
-z South Recliner, -the South Poleis elevated, andthe lines lye in the 
ſame Poſitiohibelow the Plains horizontal line, .but on the. contrary 
fide of the plains perpendicular deſcending below that end of the 
Horizontal line, oppolite to the Coaft of Declination. 


2, For Plains leaning SonthWards generally on the upper face the 
North Pole us elevated,on the under, face the South Pole, 


To place the. Swbſtile. . * TN 
Such North Recliners whoſe Reclination is leſs then-the comple- 
OP ML BOSS En Hr 222" monk 


Afﬀections of: oblique Plains determined,” 3X 
ment of a Polar plains Reclination, the Subſtile is elevated above the 
end of the Horizontal line contrary to the Coaſt of Declination, 
and on the under face, being a South Incliner , the Subſtilar is de- 
preſſed below the end of the Horizontal line, oppoſite to the Coaſt 
of Declination. 

But when the Reclination is more then the complement of the Re- 
clination of a Polar plain, the Subſtile is to lye below the plains Ho- 
rizontal Line, from that end oppoſite ro the Coalt of Declina- 
tion, 

But for South Incliners, being the under face, the Subſtile is eleva- 
ted above the end of the Horizontal line, oppoſite to the Coalt of 
Declination, 


To place the e Meridian, 


On all North Recliners the Meridian lies below the Horizontal 
Line from that end thereof, oppoſite to the Coalt of Declination,be- 
cauſe at noon the Sun being South, caſts the ſhadow of the Stile to 
the Northwards, | | 

- On the under face, being a South Incliner, it muſt always be placed 
below the Horizontal Line, below that end of it toward the Coalk 
of Declination, & 

Theſe DireAions ſuppoſe the Declination to be denominated 
from the Scituation of that face of the plain on which the Dyal is to 
be made, and the Horizontal line for ail Dyals chat have Centers, is 
ſuppoſed to paſs througtr che ame. Wn 


Now to the Demonſtration of the former Scheam. 


1. *Tis aſſerted that if RV fall into the point B, the plain is a Polar 
plain,in which caſe the Stile is parallel co the Axis of the world, 


Demonſtration. 


Every Declining plain may have fach a Reclination found thereto, 
as ſhall make the ſaid plain become a Polar plain , and che propor- 
tion to finde it,may be thus : 


As the T angent of the Latitude, Is to the ((oſine of the Declination, | 
So # the Radins, To the Tangent of the Reclination ſought. 


1athe former Scheam, if we make FG the Cotangent of the = 
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titude Radius,the ſide of the ſquare will be the Tangent of the Lati- 
tude, now VO equal to FG, being Radius,OC equal to GB, is the 
Coline of the Declination; wherefore a Line drawn into the Center 
from B, ſhall include the _ of a Polar plains Reclination agree- 
able to the two firſt terms of the proportion , and to the direRions 
for pricking off an Angle by Tangents. 

2. That the ſubſtile is true prickt off. 

Upon V as a Center with the Radius VB, imagine or deſcribe a 
Circle then is BG equal to VP, the Sine of a polar plains Reclinati- 
on, which is equal to HA, and the Ark comprehended between A 
and B,will be a Quadrant, 

But in a Quadrant any line being drawn from the Limbe paſſing 
through the Center,the neareſt diſtance from rhe end of one of the 
Radij will be the Sine of the Ark thence counted, and the neareſt 
diſtance from the other Radius thence counted, will be the Sine of 
the former Arks complement; ſoin this Scheam the neareſt diſtance 
from Bto RV , when-a plain Reclines, is the Sine of the Ark of dif- 
ference, but when it incljnes of the ſum of the Reclination of the 
Plain propoſed, and of the Reclination of a Polar plain, and the 
hevred diftancefcom Ato RV, is the Cofine of the faid Ark. 

Make VQ on the plains perpendicular equal to IC, which is equal 
to the neareſt diſtance from A to RV, and from the point Q ere 
the perpendicular QT,whereto the line PO will be parallel,and con- 

ſequent y there will be a pruportian wrought + Thus it lyes, 
AsV,2 the Coſine 5 the ſum of the "Potar 'plains Reclination , 
and of the Reclination of the plain propoſed, 
1s to PV equal te BG, the Sine of a Polar Plains Reclination. 

Theſe two terms are of one Radius, namely VB, 

So # the tzmgent of the Declination QT , To the tangent of the ſab+ 
ftiles diftance from the plains perpendicular PO, 

Theſe two terms are to another Radius, namely QV, then if the 
Tangent of an Ark be erefed on its own Radius, as hereis Q I 
equal to CV,and a line be drawn from the extreamity into the Cen- 
ter, the Angle belonging to that Tangent ſhall be prickt off agree- 
able to the general direRion, 

| 3+ That the files height is true prickt of. | © 

The Proportion altered to bring the Radius in the third place 

will be, _ SPL A EDI 3 4 
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The Scheam for Oblique Plains demonſtrated, 77 
As the Secant of the ſubſtiles diſtance from the Plains perpendicular, 
Ts to the * with of the ſuns or difference of Reclinations , as before li- 

mite 


So 4 the Radins,To the tangent of the ſtiles height. 


In the Scheam making VQ Radius, VI becomes the Secant of the 
ſubſtiles diſtance from the Plains perpendicular , and the nearſtdic- 
ſtance from B to RV, is the tangent of the difference or ſum of the 
Reclinations, which when VB was, Radius , was but the Sine there- 
of, the reaſon why it now becomes a-tangent , is becauſe the Cofine 
of the ſaid Ark VQ, is made Radius: But, 


As the Coſine of any Ark,, Is to the Radins, 
So us the Sine of the ſaid Ark,, To the tangent of the ſaid Ark; 


Therefore the neareſt diftance from Bro RV equal to IK , being 
ereed thereon, and a line from the extreamity drawn into the 
Center, ſhall prick off the tiles height ſuitable to the two firſt terms - 
of the former proportion, and to the general direion for pricking 
off an Angleby Tangents. 


4. That the Meridian is true prickt off, the Proportion 
to effect it: Is, 


As the ('otangent of the Plains Declination, 
Is to the Sine of the -” clination, 


So is the Radins, To the rargent of the Meridian from the Plains per- 
pendicular. 
If VC be made Radius, then is CO equal to VP the Tangent of 
the complement of the Plains Declination , and the neareſt diſtance 


fromCto RV, is the Sine of the r lination to the ſame Radius, 


which is ere&ted perpendicularly on VP ſuitable co the two firſt 
terms of the proportion and the General DireQion. 


Laſtly, that VK is equal to VF, theſe Symbols are uſed, q ſigni- 
fieth ſquare, + for more or Addition, = equal. ; 


VBq = VQq +1Kq, the reaſon is becauſe VB being Radius, VQ_ 
is __ of an Ark to that Radius, and IK the Sine by con- 
n. 


F bn Þ 


of Fob” » 


"Todraw the hour-lines in Oblique Plains, 
-  VBq= VGq+GBq, therefore theſe two ſquares are equal to 
the two before. 

If tothe latter part of each of thele Equations, we adde Q1q 
or rather its equal _POq,; the ſum (hall be equal to VKq. 

I fay then VQq +1Kq + POq = VKq, this will be granted from 
the former Demonliration for upright Decliners. | 

Again, 

VGq + GPq+POq = VFq, therefore VF is equal to VK, this 
cannot be denyed, becauſe, VGq + FGq — VEq. 

And the two ſquares GBq, or rather VPq + POq are equal to 
GFq, which is equal to VOq by ConſtruRion. 


To draw the hour-lines for the former South Plain, Declin- 
ing Eaſtwards 40 degrees, Inclining i 5 degrees Lati- 
tude, 51 degrees, 32 minutes, 


Firſt having affigned the Center of the Dyal, through the ſame 
draw the plains perpendicular, repreſented by the prickt line CN,and 
with the Radius of the former Scheam upon C as a Center, deſcribe 
an Occult Ark, and therein ſet off NV equal to the ſubſtiles diſtance 
from the plains perpendicular , and through the point V draw the 
Subſtilar, -and upon V as a Center,deſeribe the Circle, and prick off 
the Meridians diſtance from the Subſtile in the former Scheam , 
namely YX twice in this Circle from I.to O, and draw CO for the 
Meridian, after the ſame manner ſet off the Stile; then finde the 
Regulating point Sol, divide the Circle, and draw the hour-lines ac- 
cording to former DireRions, and when hour-lines are td lye both 
above and below the Center, they are to be drawn through. 


To fit the Dyalling Scheam, for Latitudes 
under 45 degrees, 


A South Plain Declining 50 degrees Eaft, Inclining 20 de- 
grees, Latitude 30 degrees, 


The former ConſtruQion would ſerve, if the fides of the ſquare 
were produced far enough, but to ſhun any ſach excurſion , make: 
VO cqualto. the ſide of the ſquare, and through the point F, draw a 
parallel to the Plains perpendicular, and where the parallel OP pro»: 
duced interſe&ts it, is the point B ,-upon V as a Center, with the ex- 
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' To delinedte Polar Declining Plajat: 

rent VB, draw the ArchZB, and prick off a Quadrant 
from the point B, and it will finde the point A, the point Cis found 
no otherwiſe then before ; and now having theſe three points; the 
whole work is to befiniſhed according to thoſe DireRions, to which 
when the Stile hath a competent height, nothing need more be add- 
ed, unleſs it be ſome examples, 


How to draw ſuch Dyals whereon the Stile hath no elevation 
as Polar Plains, or but very ſmall elevation, as in up- © 
right far Decliners, and many leaning Plains, 


Theſe plains areknown ealily,for if the Ta Cclination paſs through 


the point R, the plain is 2 Palar plain, and the Subſtile is to be found 
by the former Conftrution, which the Scheam makes the ſame with 
the Meridian ; moreover, another Ark is to be found, called the In- 
clination of Meridians : The proportion to finde it, is: ; 


As the Rading, Is to the Sine of the Latitude, 
$0 15 the tangent of the Declination, 
To the tangent of the Inclination of Meridians. 


If CO be made Radius, CV will be the Tangent of the Declina- 
tion, which enter on VL from V to K,and the neareſt diſtance from 
K to S/ ſhall be the Tangent of the Inclination of Meridians, which 
isto be prickt on its own Radius fromP to M, and draw a line from 
the Center, paſſing rhrough M to the Limbe , whereto ſer F , {o is 


the Arch NF the Inclination of Meridians ſought, to wit,the Arch'of 


time between the ſubſtile and Meridian. 
To draWv the howr- lines. 


Firſt draw a perpendicular on the Plain VN, and upon ab 4 4+ 


C:nter, deſcribe the Arch of a Circle, and from the Dyaling 
Scheain prick off the ſubſtiles diſtance, and draw 1V which ſhal 
repreſent the ſame, as alſo the Inclination of Meridians from 


I to f, then upon / as a Center, deſcnbe as great a Cirtle _ 


as the plain will admit , and finde the point f, therein alſo, 
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by laying 2 Ruler over- / the Center , and f in-the- former. ;/;;- 4 


Circle, and from the faid point divide the Circle /jntg . twenty + G 
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v6 To delineate Polar Declining Plains, 
half of them) then determine what ſhall be the parallel height of 
the Stile above the Subſtile, and prick the ſame on the Subſtilar line, 
from / the Center to I , through which point draw a Contingent 
line at right Angles to the ile, and laying a Ruler from the 
Center over each of the diviſions of the Circle, through the points 
Where it interſeRts the Contingent line, if lines be drawn parallel to 
the Subſtile, they ſhall be the hour-lines required, the hour-line that 
belongs to the point f being the Meridian-line or hour-line of 12, af- 
ter the ſame manner are the halfs and quarters to be inſcribed, if the 
Contingent line be too high , the Genter / may be placed lower, if 
it be required,to fit ſo many hours preciſe to the Plain; firſt draw it 
very large upon ſome Floor , and then it may be proportioned ont 
_ leſſer Plain at pleaſure, as was mentioned for Eaſt or Welt 
ains. 


MA South Plain, Declining Eaſtwards, 30 degrees, Reclin- 
ing 34 degrees minutes, 
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Of. Plains having ſmall height of Sith. "OM T7 
The Scheam placeth all things righe for EquinoRial | Reclining 
Plains, —__ further 5 
To draw the Hour-lines on ſuch Plains, where the Stife 
hath but ſmall elevation, 


A South Plain wgyenr degrees Eaſtwards X Reclining 
25 degrees, Latitude 51 degrees 32 minutes. 


In theſe Plains,becauſe the hour-lines will run cloſe together, tht 
Dyal muſt be drawn without a Center”, by help of two Contingent 
lines, and firſt of all theTnclination of Meridians muſt be known, 
thereby is meant the Arch of time between the Subſtile and the Me- 
ridian line or hour line of 1 2, and that may be found ſeyeral ways ; 
hereT ſhall foltur uw proportion in Sines before dclivercd. 


Making Y7 Radius. prick the farms -< «tu La ieude ling VL, and 
from the point found , take t c nexrell diſtance to the Horizontal 


ling, gen this extent from /to F, and draw CF , then take the 
neareſt diſtance from R to the Plains Vertical $ N,which place from 
V to Q, then draw QT parallel coFC, fois VT the Sine of the 
Inclination of Meridians,which may be cafily meaſured in the Limbe 
by the Arch SY, by drawing a linc parallel co the Ptains perpaydicu- 
lar from the point T, or by pricking the ſame on HA produced,and 
laying a Ruler thereto,or by drawing the touch of an Arch with VT 
upon S as a Center, then a Ruler laid from Y touching the outward 
Extremity of that Arch, findes the point Y. 

Moreover,we need not make Y7 Radius , but prick the neareſt di. 
ſtance from Lto VE, from V upwards, then the neareſt diſtancero- 
the Plains perpendicular from the InterſeRion of the Subſtile, with 
the Limbe muft be placed from Y towards W , and from the two- - 
points thus found a line drawn,and the reſt of the work,as before. 


To draw the Hour lines. 


Firſt draw the Plains perpendicular CN , and draw an Occule 
Arch, wherein prick down NY and NK, and draw the Subſtile and 
Stile as before, making the ſame Angles. 
Through any two points in the Subſtile, as at A and B,draw two 
right lines continued, making right Angles therewith. 

— Draws line garallelto the Stile at any convenicnt diſtance, which 
 6t0 repreſent thenew Stile, as here DE, = __ 
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F Off Plains having ſmall height of Stile. | 
- Take the neareſt diſtance from B co DE, and ſet it on the Subſtile 
fromBro/, alſo the neareſt diſtance from A to DE, and fer it 
from YtoC, through which point draw another line perpendicu- 
lar to the Subſtile. 

Upon Y as a Center, deſcribe the Arch of a Circle of as large a 
Radius as the plain will admir, and from the ſubſtile-on the ſame ſide 
| abr the Meridian happened in the former Scheam, ſer off the In- 
Alination of Meridians, and it findes the point M , from whence di- 
vide the Circle into 24 equal parts, and draw lines from the Cen- 
ter V through thoſe parrs, cuttirg boch the Contingent lines 
Band C, the reſpeRive diviſions of the Contingent line G, muſt be 
transferred into the Contingent line A, and there be made of the 


like diſtance from the ſubliile as in: the ſaid line C., then lines drawn ' 


through the Diviſions of the ewo Contingent lines A and B, ſhall be 
the reſpective nour-nacs required. 


A South 1 lazy Declining Eaſtwards 30 degrees, Reclining 
”* - 25 degrees, Latitude 51 degrees, 32 MINUS, 
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F- of Plint hwving ſmill heights of Shilar* © ap 


After the ſame manner muſt ſuch Eaſt and Weſt Recliners 6&In- - 
e <liners, that have ſmall elevation of the Stile, and u right hy doch | 
« ners be pricked down, and intheſe phains the Meri ir OI 7-time 
cauſt be left our, the proportion to finde the Inclination of Meridis 
L ansfor upright Decliners : Is, ; 


F As the Radins, Is to the Sine of the Latitude, 
| So t« the Cotangent of the Plains Declination, 
To the (, otangent of the Inclination of Meridians. 


In the Dyalling Scheam, making CV Radins, CO is the Cotan- 
gent of the Declination, which enter on the Latitude line VL, and 
take the nearelt diſtance to SV, which extent prickt upon CO , and 
it findes a Point, throngh which: z line drawn from the Center to 
the Limbe , ſhall ſhew the inclination of Meridians to be meaſured 

rn from N. | 
OtherWiſe : 
1 


That we may not transfer large Diviſions on the Contingent line 
from a ſmall Circle, and-rhat the Plain may be filled with any deter- 
mined number of hame, fick as by after DireRions ſhall be found 
meet, draw any right line on a Board or Floor that ſhall repreſent 
the Plains perpendicular, as CN, and from the ſame ſer off the Sub. 
{tile and Stiles height from the general Scheam as before, drawing a | 
line parallel to the Stile as DE, alſo a line perpendicular to the Sub- N... 
ſtile, which I call the Floor Contingent, and that it may be large, lex WI. 
it be of a good diſtance from the Center ; from the point of Inters 
ſe&ion at Y, take the neareſt diſtance to the parallel Stile , which 
prick from Y to Y, and upon / as a Center deſcribe as large a Circles 4 
as may be with convenience, and from the Snbſtile ſet oft the Incli- 
nation of Meridians therein to M (which Ark refers to Y as its Cen. 4 

ter) and from the ſaid Point divide it inco 24 equal hours (or fewer, « 
no more then are required ) and laying a Ruler over F, and thoſe 
reſpeQive diviſions graduate them on the large Contingent line,I ſay 
from- this large Contingent line thus drawn and divided , we may 
proportion out the Divions of two (or many) Contingent lines 
that are ihe, enſyacred? fill the Plain with any proper number of 
NOurs mreeas : - 

|. Then i Order to drawing the hoar-lnexn the Pt. 


The. 


ze -Of Plains having ſmall heights of Stiles, 
The firſtwork wil be to draw the larger contingent line on the plain, 

ch-mayg be drawn any where at pleaſure : for performing where» 
0 nag what Angle the Subſtile makes with the Plains perpen- 
dicul#r, the Contingent line is to make the ſame with the Horizon- 
ral line, and the complement thereof, with the Yertical line ; alſo 
draw another Contingent line above this, parallel thereto at any 
convenient diltance. 

In the bigger Contingent line aſſume any two points to limit the 
outward moſt hours that are intended to be drawn on the Plain, as 
admit on the former Plain, I would bring on hours from fix in the 
morning, totwo in the afternoon, between the ſpace AandB of 
the greater Contingent, take the ſaid extent AB, and upon the point 
B dt 2 of the Floor Contingent, deſcribe an Ark therewith, to wit, 
L, then from A draw the line AL,jult touching the outward extrea- 
mity of the ſaid Ark, 

I ſay the neareſt diſtance from D to AL, being pricked on the 
Plains greater Contingent from AtoD, findes a point therein * 
thr which the Stile is to paſs, 

Alſo the neareſt diſtance from Y to AL, findes the ſpace AY on 
the Plains greater Contingent , and thrangh the poin, Y a ling 
drawn perpendicular to AB, ſhall be the Subltilar line, 

.-"FheStile is to be drawn through the Point D, making an Angle 
with the Plains Contingent line equal to the complement of its height 
above the Subſtile in this example Bo? 57',"to wit, the Arch NY, = 

The reſpeRive neareſt diftances to AL, from each hour-point, in 
the Floor Contingent, being pricked on the Plains greater Contin. 

ent from A towards B, findes Points therein , through which the 
our-lines are to paſs. 
.” The next work will be to limit one of the extream hours on the 
Plains leſſer Contingent, and that muſt be done by proportion. 
As the Diftance between the parallel ſtile and ſnbſtile on the Floor 
Contingent, : 
. Ts tothe Fhance between the ſtile and ſubſtile ow the Plains leſſer Cone 
tingent, 
So 45 - diſtance bet Ween the ſubſtile and either of the extreany or ont« 
ward hears on the Floor (ontingent, 
To the diftance between the ſubſtile, and the ſaid outward hoxr on the 
Plains lefſer Contingent. . This 
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of rains having ſmall heighth of. Stile. | 

This proportion is to be carryed on in the Draught on the Bloor, 
place DY from A to G on the Floor Contingent, and with the ex. 
tent EG taken from che Plains lefſer Contingent, upon G on the 
Floor Contingent,draw the Arch O, and from A draw a line touch» 
ing the outward extreamity of the fajd Arch,and let it be _ uced. 

The neareſt diſtance from Y to AO, being prickt on the Plains lefſer 
Contingent, reaches from G to C, the point limiting the outward 
hour of fix, 

Then if the neareſt diſtances tothe line AO, be taken from all the 
EN hours on the Floor Contingent , and placed on the Plains 
lefler Contingent from C towards F , you will finde all the hours 
points required , through which and the like points on the Plains 
greater Contingent, the hour-lines are to be drawn. - 

Here note, that the extent DY on the Floor Contingent , may be 
doubled or tripled; if it be tripled it reacheth to H, alſo the extent 
EG on the plains leſſer Contingent , is to beencreaſed after the 
ſame manner, and an Ark therewith deſcribed on H before found,as 
Q, and by this means the line AO will bedrawn and produced with 
more certainty,then by the Ark O near the Center. 

And what is here done by help of the Sciles diſtance fromthe Sub. 
Rile,may be done by help of the outward hour, if the diſtance of the 
faid hour-line from the Subſtile be found Geometrically or by Cal 
culation, for the ſaid hour-line will make an Angle with the Plains 
Contingent lines,cqual co the complement of the Ark of its diſtance 
from the Subſtile. , WY 

This Plain is capable of more hours which cannot conveniently be 
brought og. nt... 

After the ſame manner are upright far Decliners to be dealt with- 
all, and all other Plains having ſmalf height of Stile. | 

But to limit the ourward hours on Polar plains, and Eaſt or Weſt 
Plains,the trouble will not be half ſo much. \ 


A South Plain Declining Eaſtwards 30 degrees, Reclining 
25 degrees, Latitude 51 degrees, 32 minmes. 
.* | A ſerond method of Calculation for Oblique Plains. > 
By the former method the Meridians diſtance from the Plains per- 
pendicular is to be found,and the Poa Reclination Calculated a 


4b — # ſecond Mutholdof Calculation, 
© Thit for Soath Recliners;of North Inclmers, pet the difference, 

bh for North 'Reeliners 6r South Incliners the fumm , of the Polar 

Plaitis Retlnation , and of the Reclination of the Plain propoſed, 

xal it holds. 

As the Coſine of the Polar Plains Reclination, 


Ts to the Sine of the former ſum or difference, 
So us the fine of the Latitude, To the Sine of the ftiles height, 


- Whith Pole is devated is eafily determined , by comparing the 
Reclination'of the propoſed Plain with the Polar Reclination, and 
all other affeions are to be determined, as in the firft Method, 


| - Then for'the Snbſtife, and Inclination of Meridians, 
As the Cyſone-of the ftiles height, 

Ts to the Sine of the Plains D:clination, 

So # the Coſine of the Latituat, 

To the Site of the ſubſtiles diſtance from the Plains perpendicular : 
And ſo is the Coſone of the Reclination, 

To the Sine of the Intlination of Meridians. 


This method arifeth from the aforementioned Oblique Triangle 
inthe Sphere, in which by help of two ſides, and the Angle compre. 
hended, the third fide is firſt found , and the other Requilites by the. 
"proportions for Oppoſite tides and Angles. 


Proportions for upright Decliners. 
1, To finde the Subſtiles diſtance from the Meridian. 
As the Radins, Is to the Sine of the Decl ination, 


$0 ts the (otangent of the Latitade, 
To the T angent of the Subftile from the Meridian. 


2. Angle of 12, ands.. 


As the Radius, Is to the Sine of the Plains Declination, 

So ts the T angent of the Latitude, Pen" pe & 

To the Tangent of the Angle between the Horizontal line and fix, 
3. Inclination of Meridians, 97 $04 


Ai the Sine of the Latitude, Is to the Radins, 


, 
r 


Proportions fer upright Decliners, 4; 
$o 19 the pleat the Declination, m0 


To the T angent of the Inclination of Meridians; 


4. Stiles height, 
As the Radins, Is to the Coſine of the Latitude, 
So 1s the Coſine of tht Plains Declination, 
To the Sing of the tiles height. 


Theſe Arks are largely defined in my Treatiſe, The Seftor on 4 
'Ouadr ant. | | 


For Eaſt and Weſt i deliners, 


The complement of the Latitude of the place, is ſuch a new La» 
titude : in which they ſhall ſtand as upright Plains, and the comple- 


ment of their = (clination ts their new Declination in that new 


Latitude, having thus made them upright Decliners, the former pro- 
portions will ſerve to Calculate all the Requiſites. 

In all upright Plains,the Meridian lyeth in the plains perpendicu- 
lar, andif.they Decline from the South (in this Hemiſpbere) iTis to 
deſcend or ran downward; if from the' North it aſcends , and-the 
Subſtile lyeth on that ſide thereof oppoſite to the Coaſt of Decli- 
nation. 

In Eaſt or Weſt Ta clinery, ie lycth in the plains horizontal line, 
on the Inclining fide the South: Pole.is clavated;; byt an the upper 
fide-the North Pole, and the Subſtile-lyeth above or below: that end 
of the Meridian line , which points to the Pole elevated above the 
Plain. : bag sl | 

On all plains whatſoeyer, to Calculate the hour diſtznces. 
As the Radins, Is to the Sins of the files height above the [wbſtile, 
So ts the tangent of the eAngle at the Pole, © © OOmOOG 
To the tangent of the howr-lines diſtance from the ſwbſtilar line. 
By the Angle at:the Pole, .is meant the Ark of difference between 


the Ark called the Inclination of Meridians, and thediſtance of aby 
hour from the Meridianfor all hours qn-the fame kde: of the Mart- 


dianthe Subſlile falls , and chaſumof theſe two Arks for all , hours 


on the other fide the Meridian. - . + + 
mh a All 


a MM third Method of Calculation; 

All hours on any Plain go to the contrary Coaſt of their Scituz- 
tion in the Sphere, thus all the morning or Eaſtern hours,” go to 
the Weſtern Coaſt of the plain, and all the evening or Weſtern 
hours, go to the Eaſtern Coaſt of the Plain. 


i, 
A third Method of Calculation for leaning Plains that iondgr all ſorts 
of Plains that do bath Decline , and alſo Incline or Recline, 


They may be referred to a new Latitude, in which they (ſhall-ſtand 
as upright Plains, and.then they will have a new Declination in that 
new Latitude;zwhich two things being found, the former Proporti- 
ons _ upright: Decliners will ſerve to Calculate all the Arks re- 

arc. ; 

, How this may be done on a Globe, is not difficult to apprehend , 
havirig ſet the Globe to your Latitude, let one of the Meridians of 
the Ecliptick or Longitude in the heavens, repreſent a Declining Re. 
cliniag Plain, this Gircke interſcs the Meridian of the place in two 

Poinrs, the one above, the other beneath the Horizon : Imagine the 

Globe to be ſo fixed, that it cannot move upon its Poles, then cle- 

vate or depreſs the Globe ſo in the Mcridian that the point of Inter- 

{Aion above the Horizon may come under the Zenith, then will the 

Pole of the world be elevated above the Horizon to the new Lati- 

tude ſought, and where the Meridian of Longitude that repreſents 

the Plain interſeAs the Horizon it ſhews the new Declination. 

Or it:may be thus apprehended : The diſtance between the Pole 
of ch world; and that point of InterſeRion thar repreſents the 

"Zenith of the new Laticude, is the complement of the ſaid new 
Latitude, and the diſtance between that point, and the EquinoRial 
- is the new Latitude itſelf ; the new Declination is the complement 

. of the Angle between the plain and the meridian of the place, an 

Atk uſually found in Calcalation under this denomination, 


| To finde theſe Arks by Calculation. 
As the Radias, Is to the (#ſine of the Plains Declination, 
$0 ir the (otangent of the 7; delinatio from the Zenith, 


To the tangent of the Meridioual Ark,, namely the Ark, of the Meri- | 
dian betWeen the Plain and the Horizon. 


And. . 


A third Method of 'Caculation, a5 . 
And this is the firlt thing Maſter Gunter and others finde; 


in ; 
for Fond ones he one being the upper , the other the under 
face, get the difference between this Ark and the Latitude of the 
place, the complement of the ſaid reſidue, remainder, or difference, 
is the new Latitude ſonghe ; but for North Recliners or South In- 
cliness, the difference between this fourth Arch and the complement 
of the old Eatitnde is the new Latitude. 


To finde the new Declination: 


e's the Radins, Is to the Coſtne of the To delination 
So is the [ine of the old Declination, To the ſine of the ntW. 


This method is. hinted to us in Mr. Foſters Poſthuma, allo in his 
Book of Dyalling in A»no 1638, where he refers leaning plains to 
ſach a Laticude wherein they may become Eaſt or Weſt Recliners, 
but that method is to bedeſerted, as multiplying more proportions 
then this, and doth: not afford that inſtrumental eaſe for pricking 
down the hours that this doth. ' | 


Aﬀettions determined. 


Such South Recliners, whoſe meridional Arch is leſs then the Lati- 
tude, paſs bencath the Poke,and have the North Pole elevated above 


them, but if the meridional Ark be greater then the Latitude, they 
paſs above the Pole, the North Pole is elevated on the under”! 


all other affeRtions are before determined. 1f the meridional A *o....0 


al to the Latitude, the plain is a Polar plain ; for plains w_ 4 
Southwards, if the meridional Arch be equal to the complement 
the Latitude, the plain is an EquinoRtial plain, if it bemore, the 
lain hath leſs Reclination then an EquinoQial plain , if ir be leſs it 
fath more, and all affeions neceſſary for placing(and Calculating) 
the meridian line were before determined. _-/ . 
This method of Calculation findes the Subſtiles diſtance ftoto'the 
meridian, nor from the plains perpetdicular , wherefore if mult bp 
ſhewed how to place it in Plains leaning Southwards, for” plains 
leaning Northwards uſe the former direAions, - 1-1. 


T6 


- | "AﬀetHont determintd. 
© "Po plate the Subftile in North Recliners, 

' In theſe plains the Meridian and Subſtilar are to meet at the Cen- 
ter, and not being drawn through, will make ſometimes an Acute, 
ſometimes an obtuſe Angle. 

When the Plains Meridional Ark is greater then the Colatitude, 
they make an Obtuſe Angle, in this Caſe , having firſt plaged the 
Meridian line, above it prick off the complement of the diſtance of 
the Subſtile from Meridian to a Semicircle. 


But when the Meridional Ark is leſs then the Colatitude, prick off 
the ſaid diſtance ic ſelf above the Meridian line. 


ln South Incliners. 


When the Plains Meridional Ark isgreater then the Colatitude, 
the Subſtile and Meridian make an Acure Angle , when it is equal to 
the Colatitade, they make a right Angle , when it is leſs then 
the Colatitude they make an Obtuſe Angle, and muſt be prickt off 
by the complement of their diſtance to a Semicircle, the Subſtile al- 
ways lying on that ſide of the Meridian , oppoſite: to the Coaſt of 
Declination. 

A fonrth Method of Calcniation.ter leaning Plains. 
An Advertiſement. 


Fa this method of Calculation for all Plains leaning Northward, 
both upper and under fide. their Declination-is the Arch of the Hori- 
per ork the North and the Azimuth of the plains South Pole, 
> that. their-Declina tion is always greater then a Quadrarit ; But 
for all Plains leaning Southwards, both upper and under face , their 
'Declination is the Arch of the Horizon between the North and the 
Plains North Pole, -wherefore it is always lefs then a Quadrant ; in 
this ſenſe Declination isuſed in the following Proportions. 

As the Sine of half rhe ſums of the complenserits,, both of the Latitude 
. - and of the Reclination, 'Ir to the Sine of balf their aifference, 
S$0-45 the Cotanyent of half the Declination, | 
To the T angent of a fourth Arch. 
Again, 


As the Coſine of half the ſums of the former ('omplements, 
Is to the Coſine of half their difference, ; So 


CA feurth Method of Calewariami. un © 
$# is the (otangent of half the Declination, : 32710 Wo! 
To the tangent of a ſeventh Arch, | | 
Get the ſum and difference of the fourth and ſeventh Arch, then 
if the Colatitude be greater then the complement of the Reclinati- 
on,the ſum is the Subftiles diſtance from the plains perpendicular,and* 
the difference the Inclination of Meridians. gt SET 
But if it be leſs, the difference is the Subſtiles diſtance Hom the 
Plains perpendicular, and the ſum the Incljnatigns of Meridiatts: 


To place the Subſtile. PT 
For Plains leaning Southwards , when the Angle of the Subſtil 
from the Plains perpendicul is leſs then a Quadrant, it will on the np” 
perface lye above that end of the Horizontal line that iy oppolits 
to the Coalt of | Declination, , and on the under face -lyabeneaubrit , 
but when it is greater, it will lye below:the ſaid end - 08:the upper 
face, and above it on the under face, but this will nat bell the Rey 
clination be more then the complement of the Redli of 2 
Polar plain that hath the ſame Declination;for plains leaning Nerth- 
wards the Direions of the firſt Method ſuffice. 
| 7's place the Meridian. | 
Either Calculate it, and. place it according, to the direRions of 
the firſt and ſecond Method, or elſe Calculate. it by this Proportions 


"As the Radins, Is to the Sine of the Stiles height, 

$9 #s the tangent of the Inclindtion of ns ( when it  Obtuſe,. © 
takg 115 ronspleneert 19 a Semacircle ) ; [| «1 

To the tangent of the Meridian line from the ſubſtilar. - 1 
For Plains eaning Northward, the firſt direions mult ſerve;but 

for Sonthern Plains the" ſecond, beranfſe the diſtatice of the Meridi- 

an-is Calculated from the Subſtile ſappoſed to be placed, Ag 

the work is converſe to that , for in that we ſuppoſed che. Meridian. 

placed, and notthe Subſtile. | rt fe 

© " ©®- TFortheStilesheight. dof; 
As the Sine of the fawrth Arch,I; rovhe Sine f the ſeventh Arch, 
So ts the tangent of half the difference of the complements both of 
wwation, \ Profs 35 90 30 23. 


4+ 443 + 4 


«, the Latitude and Rech 


Te the tangent of an Arch fanght = 
Ing How: 


-”" MM fourth Method of Calculation, 
How much the faid Ark being doubled wants or exceeds 90d, is the 
Stiles height. "4 

In South Recliners, if the faid Arkbeing doubled, is leſs then go?, 
its complement is the elevation of the North Pole, and the Plain falls 
below the Pole. | 

But if che ſaid Arch exceed 90* the Plain paſſeth above the- Pole , 
and the exceſs.is the elevation of the North Pole on the underiface of 
a South Recliner, called a North Incliner, and the afteRtions were 
determined in the firſt method where the Declination hath its Deno- 
mination From that Coaſt of the Meridian to which the Plain look- 
cth. 

Theſe methods of Calculation may not preciſely agree one with 
| - another; though all true , unleſs the parts Proportional be exactly 
b: Calculated from large Tables in every Operation, which to do as ts 
J the Examples in this Book, my leiſure would not permit ; This 

laſt method is derived alſo fromthe former Oblique Triangle , the 
Proportions here applyed , being demonſtrated in 7rigenometria 
Brittanica by Mr. N eWton. 


The No omanſte ation of tha Sovemrr Pynpartennt 


In projeRing the Sphere,it is frequently required to draw an Arch 
through any two different Points within a Circle, that (hall divide 
the ſaid Circle into two equal Semicircles £ 

Confiruftion. 

1. Draw a line from one of the given points through the Center, 
for conveniency-through that point which is moſt remote. 

2. From the Center raiſe a Radius perpendicular to that line. 

'.. 3. Andfrom the ſaid point draw a line to the end of the Radius, 

4- From the end of the Radias raiſe a line, perpendicular to the 
line laſt drawn, and 'where it interſe&s the former line drawn 
through the firſt point and Center, is a third point given, deſcribe a 
Circle through theſe three Points, and the Profalion will be cf 


feaed 
| Example. 
* Letitberequired to draw the Arch of a Circle through the two 


points E and F that ſhall divide theCicke BD into two equal parts. 
ER 2 


F*4 «» 


&- 


To Project the Sphere, 


Operation. 


From E draw EG, through the Center A, make AD perpen- 
dicular thereto, joya ED, and make DG, perpendicular to ED cut- 
ting EG in G,through E,F, and G,draw the Arch of a Circle which 
will divide the Circumference BDC into two equal parts in B and C, 
that is, if CA be drawn, ic will paſs through B, if not, let it paſs 
above or below, as let it paſs below and cut BFE it H. 


Demonſtration, 


By conſtrution'EDG and DAG are right Angles ; therefore 
AD = Z EAG by 13 Prop. 6 Euclid. becauſe EDG being a right 


Angle, AD i Proportional between EA and AG, but ZD 
EAG ſhould CAH by 35. Prop. of z Euclid, therefore 
Ez CAH = | 

But [1] AD I that is = ZZ CAT, therefore = CAH 


is abſurd, therefore CI cannot paſs below B, the 
W follow if it be thought to paſs aboveit ; there- 
e,. will fall in the point B, wherefore BDC is 2 
asto be proved : any hereof I wade ob I 

ave * 


$6 Sphere projetted for upright Decliners, 
have ſeen a Demonſtration by the Learned teacher of the Mathe- 
maticks, Mr. obn Leak, to this cftect. 


To project the Sphere and meaſure off the Arks of an 
| upright Decliner, 


Upon Z as a Center, deſcribe the Arch of a Circle, and croſs it 
with two Diameters at right Angles in the Genter , whereto ſet 
; NESW to repreſent the North, Eaſt, South and Welt. 

Ty Prick off the Latitude from N to L, and lay a Ruler to itfrom E, 
and where it cuts NZ, ſet P to repreſent the pole. 

Prick off the Declination of the plain fromEto A, and from $ 
to D, and draw the Diameter AZB, which repreſents the plain,and 
DZC, which repreſents the Poles thereof. 

Through the three points CPD, draw the Arch of a Circle, and 
there will be framed aright Angled Triangle ZHP right Angled at 
4 H, in which there will be given the fide ZP the complement of the 
”* Latitude,with the Angle PZ H the complement of the Declination. 
$ Whereby may be found the Stiles height repreſented by the ſide 
PH, the Subſtiles diſtance from the plains perpendicular repreſen- 
ted by ZH, and the Angle between that Meridian which makes 
right Angles with the plain, and the Meridian of the place repreſen- 
ted by the Angle ZPH, thewing the Arch of Time between the 
'Subſtile and meridian , called the Inclination of Meridians , from 
b -which Triangle arc educed thoſe proportions delivered for upright 
-- "et 4. Declmers. 


To meaſure off theſe Arks. 1. The Sabſtile. 


A Ruler laid from D to H, findes the point Fin the Limbe, and 
the Arch CF is the meaſure of the Subſtiles diſtance from the meri- 
dian, to wit, 21% 41", . 


.* 


2. The Stiles heaght. 

Set off a Quadrant from F to G, lay a 

where it interſes BZ,ſet © which is the Pole 

a Ruler from © to P, andit interſeRts the Li 

AI the meaſure of the Stiles height, to wit, 32* 3® 
3. Inclination of Meridian, 

 LayaRuler from P to@, and iclacerſedts chiLimbe 3t,T, and 


G toD.and 


=i's 
OS EL. : 


P<ge S1 


The Requifites weaſartidl off, © v4 © 
the Arch WT is the meaſure of the Inclination-of meridians, to 7 
wit, 36"2 5 


4. Angle of 12 and 6, 


In like manner we may draw a Circle paſſing throngh the points 
w PE, as the prickt Arch P E doth, then in the Triangle Z P 
right Angled at P,we have the {ide ZP given, and the Angle PZ 2 
to finde the fide Z, lay a Ruler from D to Q, and you will finde 
a Point in'the Limbe, the diſtance whereof from C is the meaſure of 
the Arch ſonght, to wit, 574 49,to be meaſured by projection as the 
Inclination of Meridians. 

Laſtly the hour-lines; theſe are repreſented by meridians drawn 
through the Poles of the World, as in the ſriangle HP © there 
will be given the Stiles heighr PH, and the Angle HP ©, to wit, 
(| the Ark of difference between the Inclination of Meridians an41 the 
hour from noon, for all hours on that fide of the meridian the Sub- 
ſtile falls, but on the other fide the ſum of theſe two Arks, and this 
Angle is called the Angle at the Pole ; the (ide required is H Q , the 
diſtance between the Subſtile and the hour line propoſed , which 
muſt be any hour, chough in rhis Scticam it repreſents the horary di- 
ſtance of (ix from the Subſtile, | 


To projets the Sphere for an Baſt or Weſt Reclining or In- 
clinding Plain, Latitude 5 1 degrees, 32 minutts, a Weſt 
Plain, Reclining 50 degrees, 17731 


Having drawn the Fundamental Scheam, and therein fect off the 
Latitude as before, count the Reclination from N to R, and by lay» 
ing a Ruler, finde the point A, through it and the North and South 

ints draw the Arch of a Circle which (hall repreſent the plain, 

e the polethertof by ſetting off a Quadrant from R tv G, then 
through the pole of that Circle ©, 'and the pole of the World P, 
draw the Areh©PR, then in thE Triangle N HP right aogled at H, 
we have given the fide: P che Latirude, and the Angle PN H; rhe 
Reolination,to finde P H the Stiles height, and [NH the Subtliles di- 
ſtance from che Meridian , and the Angle NFH the Inclingtion. of 
Meridians, which is alfo repreſented by the Angle. BPS. x * 
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52 Sphere projetted for Eaſt or Weſt leaning Plaſys, 


I. To meaſure the ſtiles height, 

Set off a Quadrant fromBto C, and draw a Line through the 
Center, and where it interſeRs the plain at F,is the Pole of the plains 
Meridian, lay a Ruler from F to H, and it cuts the Limbe at I. 

Alfo lay it thenceto P, and it cuts the Limbe at K , the Arch IK 
is the meaſare of the Stilcs height, to wit, 36* 5</ 
2. The Subſiile, 

A. Ruler laid from © to H, cuts the Limbe at M, ard the Arch 
NM is the meaſure of the Subſtiles diſtance from the Meridian , to 
wit, 38% 5g9/. 

3- The Inclination of Meridiavs. 


Set off a Quadrant from K to O, and lay a Ruler from it to F, 
and it interſe&ts the Meridian of the plain at Q , then a Ruler laid 
fromPtoQ, findes the point T in the Limbe, and the ArchST is 
the meaſure of the Inclination of Meridians, to wit, 53* 26/. 

Otherwiſe with lels trouble lay a Ruler from P to F, and it inter- 
ſeAs the Limbe at V, and the Arch EV is the meaſure of the Inclina- 
tion of Mecridians,as before. 


To projeft the Sphere to repreſent a Declining Reclining Plain, 


A South Plain Declining 40 degrees Eaſt, Reclining * 
60 degrees, Latitude 51 degrees ,32 munmtes. 


Having drawn the fundamental Circle, prickt off the Declination, 
and found the pole point as before, prick the Reclination from B to 
1, and laying a Ruler to it from A, finde the point R , and through 
the three points BRA deſcribe a Circle, repreſenting the plain , alſo 
from K finde the pole thereof ©, and through the two points P and 
© draw the Arch of a Circle FG, repreſenting the plains Meridian, 
at the interſeQion of the plain with the Meridian ſet Z , and draw 
the-Arch of a polar plain through P to, and there will be ſeveral 
Triangles Conſtituted, from which were derived the ſeveral Methods 
of Calculation. 

In the right Angled Triangle ANZ there is given NA the comple. 
ment of theDeclmation,and the AngleN AZ the complement of the 
Reclination, whereby may be found Z X.the plains meridional-Ark, 
which taken from XP reſts ZP the complement of the new _ 


bl 


The Proportions Demonſtrated. © 53 


- fude;alſo the _— NZ A which is the complement of the newy De- 
clination , and hence were derived the Proportions for the third 
Method, likewiſe in the fame Triangle may be found Z 4 the meri- 
dians diſtance from the Horizon. 

In the Oblique Angled Triangle CPO, there is given the fide CP, 
the complement of the Latitude, the ſide Co , the complement of 
the Reclination with the Angle PCO, the complement of the Decti- 
nation from the South to a Semici't , whereby may be found che 
Angle GP© , the Inelination. of Meridians, and the Angle 
COP whereof the meaſure is RH the diſtance, of the Sub- 
RilE from the Plains perpendicular, and the third fide Po, the com- 
plement whereof is PH the Stiles height,and from hence was derived 
the third method of Calculation ſuited to Proportions for finding 
both the unknown Angles of an Oblique Spherical Triangle at two 
Operations,when there is given two ſides with the Angle compre- 
hended between them. ; 

The firſt method 6f Calculation is built upon the perpendicular 
Trigonometrie , for the perpendicular PS reduceth the former Ob- 
lique Triangle,to two right Angled Triangles, to wit, the right An- 
gled Triangle, PSG, and the right augled Triangle 2 S©,both right 
Angled at $. 

In the right Angled Triangle-PSC , we have CP given the Cola- 
titude,and the Angle PCS the Declination to finde SC a Polar plains 
Reclination thereto. 

Agair., 

In Oblique Spherical Triangles , reduced to two right Angled 
Triangles by the demifſion of a perpendicular , it is a common in- 
ference in every book of Trigonometry ,. when two fides with the 
Angle compreficnded are given, to finde one of the other Angles : 
That , (447 
As the Sine of the Side betWvrew the Angle ſought and perpendicular, 
Is to the T angent of the given Angle, 
Sous the Sine of the Side between the Angle given , and perpendicwlar, 
To theT engent of the Angle ſought. SET 

And' ſo-in that Oblique Triangle , the: difference between tay 
Reclination of the plain propoſed, and the Polar plain is RS, th 
berauſe Ro is a Quadrant, SO is the complement of the _ 

"I ot | rk, - 


"54 Requiſites mtaſured. 4 ffeitions determined. 
Ack,therefore it holds: Ass SO: t SCP:: $ SC : t SEP which is the 
very proportion delivered delivered in the ſaid Method for finding 
the Subſtiles diſtance, 

Then in the right Angled Triangled PSD, we have $© , and the 
Angle SoP to findethe fide PO, whereby is got the Stiles height ; 
the Inclination of Meridians is found in the Oblique Spherical Tri- 
angle by the proportion of Oppoſite ſides and Angles. 

Laſtly, in the right Angled Triangle ZRC, there is given RC,and 
RCZrto finde RZ the diſtance of the Meridian from the plains per- 
| ar, 

To meaſure the reſpeftive Arks abeveſaid. 
I, The New Latitnde. 4 


A Ruler laid from W to Z, and P will give you the Acch MO in 
the Limbe,the complement of the new Latitude, to wit,27* 40'. 
2. The New Declination. 


The Ruler laid fsom the Plains Zenith at Z, to its Pole at ©,findes 
the point Qin the Limbe , and the Arch SQ is the new Declinati- | 
ON , to wit, 18* 56\, 


3. The Subftiles diſtance from the Plains perpendicular. 

A Ruler laid from © to H, findes the point T'in the Limbe, and 
the Arch CT being 26* 26' is the Subſtiles diſtance from the Plains 
perpendicular, | «ct, 

4. The Meridjans diftance from the Plains perpendicula-. 

A Ruler laid from © to Z, findes the point V in the Limbe , and 
the Arch DV being 35% 56' is the Meridians diſtance from the Plains 
perpendicular, - 


5. The Stiles hezght. 


Set off a Quadrantfrom G to X, and draw XC, where it inter» 
ſe&s the plain as at Y,is the Pole of the ArchFG, the laying a Ru- 
ler from Y to H and P, youſhall finde the Stiles height in the Litabe 


to be the Arch 2, 3,namely,26*6'. 
_ $6. ”- 
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Sphere projetFed for Oblique Plains 55- 
6. The Inclination of Meridians. 


A Reler laid from P to T,interſeAs the Limbe at C,the Arch WE 
is 200 58), and ſo much is the Inclination of Meridians. 


The Polar Reclination CS 1 31* 19, 


The Scheam determineth all the affetions of the plain. 

1. It ſhews that H the point of the Subſtilar lies on that fide the 
plains perpendicular,that is towards the Coaſt of Declination- 

2. That Z the point for the place of the Meridian , lyes towards 
the ſame Coaſt as before, but below the Subſtilar Line. 

3- The Arch PH ſhewsyou that the North Pole is clevated above 
the upper or Reclining face. : | 

After the ſame manner may all the Requifite Arks be meaſured, 
andaffetions determined for aHf plains whatſoever. 


MA South Plain Declining 30 degrees Ea ſtwards, Reclin- 
ing 25 degrees, ora YLorth Plain Declining 30 de-. 
grees Weſtwards, Ine tint TJ fe v7 17.0 


In this Scheam we have the fame Oblique Triangle PCO reduced to- 
two right Angled Triangles PSC"and PSOSCE 1s the Inclination of 
a.Polar plain,and RC the Inclination of the plain propoſed, the dif. 
ference is SR, and the complement of ir, is the complement of $© 
to x Semicircle,becauſe SO 1s greater then a Quadrant, and che pro» 
portions are wholly the ſame, though the Triangle have fides great- 
er then a Quadrant. 

The North Pole is elevated on the Inclining face , the Meridian Z: 
lyes fram the plains perpendicular towards that end of the Horizon- 
tal Line, iteto the Coalt of Declination, the ſame way and be= 
neath ic lyeth the Subltilar, | 
The complement of the new Latitude;ZP is 10f 1&/ 

The new. Declination,vzz, the complement of NZA is 26* 55/ 

The meridians diſtance from the Plains perpendicular RZ 13* 4F 
The Subſtiles diffance therefrom RH 184 22/ 

The Stiles height PHB —————#—z/ 

The Inclination of Meridians,to wit, the Angle CP 275% 18/” 

The Polar Reclination————— —CS—34*31/ 


—— 4 
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) 
56 Sphere projected for Oblique Plains, 


A South Plain Declining 40 degrees Eaſt , Inclining 
15 degrees, or rather a North Plain Declining 40 de- 
grees Weſt, Reclining 15 degrees. 


Here again the Oblique Triangle CP© is reduced totwo right 
Angled Triangles PSC and PSO , and SR is the ſum of the Polar 


Reclination SC, and the To bclination of the Plain propoſed CR, 


and SO is the complement hereof, becauſe OR is a Quadrant, finde 
the EquinoRial point A. 


The Polar Reelination C'S 31* 199. 


The new Latitude ZE is 32% 15/. 
The new Declination being the complement of VZ A is 38* 237 
The Meridians diſtance from the plains perpendicular ZR 1 29 337. 
The Subſtiles diftance from the plains perpendicular RH 3 2* 16/ 
The Stiles height PH is _ ——— 
The Inclination of Meridians Soy « <9) 

rather the Acrnte Angle DPI ie, 33 2 


The Mgidian Z lies from the plains perpendicular towards the 
Coaſt of Declination on the Reclining fide, but muſt be drawn 
through the Center,becauſe the Sun at noon caſts his ſhadow North- 
wards,unleſs in the Torrid or Frozen Zone, and the Subſtile H lyes 
on the other ſide the plains perpendicular. a 


A North Plain Declining 40 degrees Eaſtwards, 
Reclining 75 degrees, 


In this plain likewiſe the Oblique Triangle COP is reduced to two 
right Angled Triangles PS0. and PSC by the perpendicular 7's 
which is part of the Arch of a polar plain, here'CR more CS is equal 
to the ſum of the Plains Reclination propoſed ; and of the Polar 
plains Reclination, which is greater then a Quadrant for the Arch 
Rois.z Quadrant ; now the-Coſine of an Ark greater then a Qua- 
drant is the Sine of that Arks exceſs above a Quadrant , wherefore 
the Sine of SO is the Coſine of the ſum of both 'the Rechnations , 
and the Caſe the ſame as before. CALITY 
The Arch RH is the meaſure of the Subſtiſes diſtatce __ the 

ains 
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| other ſide, and it will be placed in its true Coa 
4 the Plains perpendicular at A, to wit, 39* 2/. 


Sphere projected for Oblique Plains. 59 
Plains perpendicular, which ter then aQuadrant,ſhews that 
the Subſt mult lye below pl for the Hoeterel Line oppoſite 
to the Coaſt of Declination , to wit, it muſt be depreſſed 32* 39/ 
meaſured by the Arch KT, the complement of TA its diſtance from 
the plains perpendicular, the point T being found by laying a Ruler 
from © to H, which may alſo be meaſured from F, and will fall 
_—_ the Horizontal Line D, but then muſt be drawn through the 

enter, 

Prick off a Quadrant from G to X, and draw XC, it cutsthe plain 
at Y, a Ruler laid from Y to H, and Þ findes the points 2, 3 in the 
Limbe, and the Arch 2, 3 being 614 31/, is the Stiles height ; orther 
complement thereof to a Semicircle might be found by meaſuring 
the Arch PF. 

A Ruler laid from © to Z, findes the point V in the Limbe for the 
Meridian Line, from which draw a Line through the Center on the 
and quantity from 


The Inclination of Meridians, to wit, the Angle CP© is 20f 3c/, 
The new Latitude ZA& 269 38/. | 
The new Declination is 9* 35/ to wit, the complement of KRB. 


} The Polar Reclination CS is 31% 19/. 


The truth of this Stereographick ProjeRion is fully bandled by 
eAqnilonins in his Opticks, and how to determine the afteRton of 
any Angle of an Oblique Spherical Triangle, I have fully ſhewed in 
a Treatiſe, called the Seftor on 4 Dnadrant. 

* For the Reſolution of Spherical propoſitions, Delineations from . 
proportions or the Analemma, will be more ſpeedy and certain 
(though they may alſo be thus reſolved ) which I have handled at 
large in the Mariners Plain Scale neW plain'd. 


Te determine what hours are proper to all kinde of Plains. 


Todo this it will be neceſlary to projet upon the Plain of the 
Horizon, the Summer and Winter Tropicks. 

Get the Sum and difference of the Colatitude, and of the Suns 
greateſt Declination, ſo we ſhall obtain his greateſt and lealt Meri- 
dian Altitudes, 

The depreſſion of the Tropick of {ancey under the Horizon, - 
| I : equa 


-— Proper bow-bjnes determined. 
equal to the leaft Meridian Altitude, and'the deprefion of the Tro- 
- pick of Capricorn to the greateſt, Example : 

38* 28” Colatitude 


:33-y10 


61* 59! greateſt} Meridian Altitude, having drawn the Primitive 
194 57/ leaſt [ Circle,c+c. as before, 

Prick 14 157 from Sto Cand 61% 59 from $S towards W,a Ru- 
ler laid from the points found, will interſeR the meridian ZS at the 
point L for the Winter Tropick, and K for the Summer Tropick , 
through which the Circles that repreſent them are to paſs, to finde 
the. Semidiamete:s whereof, ſet off their depreſſion from N to- 
wards E, th:ts 14* 57” the depreſſion of the Summer Tropick ter- 
minates2t O, a Ruler laid from Eto ©, findes the point X in the 
meridian SZN produced, ſo is XK the Diameter of the Summer 
Tropick, which being divided into halfs , will finde the Genter 
thereof whereon to deſcribe ir. 

In like manner is the Diameter of the Winter Tropick to be 
found ; or if the Amplitude be given (or found as elſewhere is ſhew- 
ed) which at Londoy is 29% 54/7, and ſet off both ways from G and 
E ve ſhall have three points given through which to draw each 
Tropick, and the Centers Falling in the Meridian Line will be found 

"with half the trouble, as to finde a Center to three Points. 
Alſo Project the Pole Point P as before , being thus prepared 
FRG wif repreſent the Summer and HLI the Winter Tropick, . 
Tet it be required to know what hears are proper for a South plain 
' Declining 30s Eaſtwards, through the three points BPA deſcribe the 
the Arch of a Circle B 2P,then laying a Ruler from Bro © , finde 
the point R in the Limbe, and from it ſet off a Quadrant to M, then 
a Ruler laid from B to Mfindes the point -© the Pole of the hour 
Circle B 9P, then laying a Ruler from P tO ©, it findes the point 
T inthe Limbe, and the Arch ET being 65 4c/ is the meaſure of 
the Angle BPS, which turned into Time 1s 4 ho. 23/ prope, and 
ſheweth that at notime of the year the Sun will ſhine longer on the 
South {ide of this plain, then 23 minutes paſt 4in the afternoon, 

In like mannerif the Arch of a Circle be drawn through the 
two points PY, we may finde the time when the Sun will ſooneſt in 
the morning begin to ſhine on the South ſide of this plain, 

The Angle ©PZ may be found by Calculation inthe right Ang- 
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gled triangle P.2Z; in which belides the' right! Angleat, H;/'the 
fide PZ andthe Angle .2ZP , are given; but'to mealure Es 
ProjeRion will be ſufficient for the Dyalliſtyuſe, | 1 0 5) 25) 
So if there were a South plain Declining 60* Eaſtwatds; 
Reclining 40 degrees here repreſented | by. BRA, if it were re: 
quired to know what hours are: proper forthe upper”, and 
what for the .under face , then where-the- plain interſeRs: | the 
Tropicks as at I and K, draw two Meridians into the Pole at P ; £0 
wit, IP 2nd XP, and firſt finde the Angle 1PZ, as was before ſhew- 
ed, to wit, 53* 14/ which in time is 3 hours 33 minutes, ſhewing that 
the Sun never ſhines longer on the upper face of the Plain, then 33 
minutes paſt 3 in the afternoon, which is capable of receiving all 
hours from Sun riſing to that period of time, and the Angle KPZ, 
to wit, 39% 5</ in time 2 hours 39 minntes, ſhews that the Sun never 
begins to ſhine ſooner on the under face then 39 rhinutes paſt 2 in 
the afternoon afcer,which all the hours to Sun-ſet may be expreſſed; 
To finde theſe Arks of time by Calculation , there muſt be given 
the Stiles height above the Plain 15* 22, PH,and the complement of 
the Inclination of Meridians to a Semicircle, 1369 32/, to: wit HPF, 
thenin'the right Angled Triangtc ZHI there is given PH the Stiles 
heightyPI the complement of the Deglination,befides the right Angle 
at H, to finde the Angle 1PH 83* 18” which taken from the com- 
plement of the Inclination of Meridians HPS , there reſts the At 
gle 1PS the Arch of time ſought, to wit, 53% 14/., | 
The aſcenſional difference may be found by drawing the Archiof-4 


Circle through the three points 7 PF; and thereby the length ofthe * 


longeſt day determined that no hours be expreſſed, on which the Sun 
can never ſhine. 


Another manner of Inſcribing the bour-lines in al 
Plains baving Centers. 


_ 


The method here intended , is todoit in a Parallelogram from . 


the Meridian line, whence the hour-lines may be prickt down by a 
Tangent of three hours,with their balfs and quarters from a SeQor, 
without colleQing Angles at the Pole,or by help of a Scheam which 
I callthe Tangent Scheam , the foundation of this Dyalling fappo- 
ſeth the Axis of the world to be inſcribed in a Parallelipipedon con- 
tinued about the Axis, the ſides whereof are by the plains way re- 

I 2 Wo pective 
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61 Another Method for inſcribing the hour-lines, 
ſpeRive hour Circles in the Sphere divided into Tangent-lines, that 
is to ſay, each ſide is divided into a double tangent of 45% ſet toge- 
ther in the middle, and-the ſaid parallelipipedon being cut by any 
Plain,the end thereof ſuppoſed to be interſeRed,(halbe either a right 
or Oblique Angled parallelogram,and then if from the-oppoſite tan- 

ent hourpoints on the ſides of the interſeRed parallelipipedon, lines 
Gin on the Plain , they ſhall croſs one another in a Center,and 
be the hour-lines proper to the ſaid plain, but of the Demonſtrati- 
on hereof, I ſhall ſay no more at preſent , the inquiſitive Reader 
will finde it in the Works of (7aviss. 


Toaraw the T, angeut Scheam. 


I have before in Page 10 ſhewed how to divide a Tangent Line into 
hours and quarters,which in part muſt be here repeated ; draw any 
right Line, as MABH, from any point therein as at B, raiſe a per- 
pendicular, and upon Bas a Center,deſcribe the Quadrant CH, and 
prick the Radius from B to A,from C to G, from H to F, and lay- 
ing a Ruler from AtoF, and G, you will finde the points D and 
E upon the perpendicular CB, I fay the faid perpendicular is divi. 
ded into a Tangent line of three hours, and the halfs and quarters 
may be alſo divided thereon , by dividing the Arches CF, FG, and 
GH into halfs and quarters, then fram thoſe ſubdiviſions, laying a 
Ruler to A, the halfs and quarters may be divided on , as were the 
whole hours, 

Being thns prepared, draw the Lines 34B, LE, KD, and 1C, all 
parallel one to another , paſſing throvgh the pointsB, x, 2, 3. 


To draw the Tangent Scheam. © 16g 
In thisScheam they argperpen- 
dicular 00 BC, by —_—_— 
material , provi 
through the ſame points, and 
are parallel one to another,yet 
notwithſtanding the points A 
and H muſt be ina right Line 
perpendicular to CB, This 
Scheam thus prepared , Ecall 
the Tangent Scheam, becauſe 
a Line ruled any way over'it, 
ſhall be divided alſo into a 
Tangent of the like hours and 
uarters, whence it follows 
that one of theſeScheams may 
ſerve toinſcribe the hour-lines 
into manyDyals,which I ſhall 
next handle. 


Io © 


b * Ire Zo Werive rhe Hionr limes in a 
A dl Horizomal Dyal. © 
” Having drawn the Meridian 
| lineM, XII and perpendicular 
L thereto the hour-line of fix, 
"ME NIE PO Let it be obſerved that the 
M1 LL KR , I fides of the Horizontal Dyal 
in page 8. to wit VI, 1X, and 
VI, III and IX,111, are a right Angled Parallelogram, the one fide 
whereof being the Diameter of the Circle being Radius , the other 
ſide thereof muſt be made equal to the Sine of the Latitude, in that 
Scheam the neareſt diſtance from L' to MF was the Sine of the Lati- . 
tude or Stiles height, the Semidiameter of the inward Circle , being 
Radius, and that extent being doubled and pricked from M.to VI on 
each ſide, as alſofrom F ewice to IX and III, by thoſe extents the Pa= 
rallelogram was bounded, the fide III, F 1X, being parallel to the 
Horizontal Line, | : 
Then take the extent MF from the HorizontalDyal , and place it 
Sr + SS _ in 
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"04 'Honrs of «HoriFomal and South Dyal inſcribed. 
-in'the Tangent Scheam from M to O, and draw the Line MO, and 
'the:reſpeAive Diviſions of the ſaid Line being cut by the parallels of 
the Tangent Scheam are the ſame with the Diviſions of the hour- 
lines on the inward ſides of the Horizontal Dyal VI,IX,and VI,IIT, 
and from the tangent Scheam they are to be transferred thither with 
- Compaſies. 

Allo place F, 1X or F, III from the -Horizontal Dyal into the 
Tangent Stheam from 24 to'2\;, and draw the line 7 N, which 
_ eut by the parallels of the tangent Scheam , the Diſtances of 
thoſe Diviſions from Ay areto be pricked downin the Horizontal 
Dyal,the firſt from F to XL,and I the ſecond from F to X and I,&c. 


To inſcribe the howr-lines in a direft ereft South Dyad. 


The Diameter of the Circle in the South Dyalin page 8, is the 
ſame as in the Horizontal, and the neareſt diltance from L to F 
was the Coſine of the Latitude, and was pricked twice on the Ho- 
rizontal Line from AM to VI on each fide, whereby that inward Pa- 


rallelogram was limited. 
Vhercrore chie diviſions of the Linc MO in the Tangent Scheam, 


are the ame with the hour diſtances in this Dyal on the ſides VI, II, 
and VI, IX; then for the diviſions of the hours on each fide of XII, 
take the extent XIT, IX or XII, NI, andbecauſe it is leſs then the 
outward parallel diltance of the ſides of the Tangent Scheam , ha- 
ving therein made Af7 perpendicular to B ,place this extent from 
T to P, and draw the line 37P, then prick the extent RL from the 
Tangent Scheam, from F to XI and I, and theextent Q K, from 
F in the Dyal, to X, and IT, and from the hour points ſo found, 
draw lines into the Center at 21 , and they ſhall be the hour-lines 
required. 


T delineate an upright Decliner in an Oblique Parallelogram. 


An upright South Dyal Declining 30 degrees Weſt, 
Latitnde 51 degrees, 32 minutes, 


Firſt draw the Meridian or Plains perpendicular CN, and upon 
C as a Center, with the Radius of the Dyalling Scheam , deſcribe 
a an 
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A South plaine 
Declin 30 Wes 
Latitude 51-33 


——— —— — —— ———  — 


[A South Diall Declin, 36 Wert = 
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Hours inſcribed in an upright Decline. &5 
an Occult Ark, wherein prick-off NT from the aforefaid Scheam; and 
craw TC for the Subſtile ; alſo ſet off in the ſaid Ark TK equalto 
TK of the beforementioned Scheam, and draw KC for the Stile ; 
perp:ndicular to the Meridian paſſing through the Center C, draw 
the Plains Horizontal Line,and therein fr om the Center prick down 
from Cto F, the Cotangent of the Latitude;to wit, BF upon which 
the Sine of the Declination is to be ereted to the fame Radius, and 
thenearelt diſtance from A to DV in that. Stheam, is che Sine of the 
ecclination , which being prickt on the perpendicular FG, draw a 
w= from the point G into the Center, and it ſhall be the hour-line - 
OI OX, 

In Latitudes under 45* the fide of the ſquare AV mult be afſumed 
to be the Cotangent of the Latitude,the Radius whereto will be AF 
the Tangcor of thi Latitude, ro which Radins' bei prickt on the 
fide of the ſquare from the Center, the Sine of the declination muſt 
be taken out as before, and erected on the Cotangent of theTati- 
rude, and this work mult be performed on that fide of the Center on 
which the Subſtile lyes. q $015 81.0 SECS 


To fit an the Parallelogram. 


Produce the Lines WE, VD, and VL, in the Dyalling Scheam far 
enough,then afluming any extent to-be Radius , enter it on the lines 
VD and VL from the Center to Y.and Z, the neareſt diſtance from 
Y to VE is the Cofine of the Latitude to that Radius which eriter 
on the Line of 6:0r GC, fo that one foot reſting thereon, the other 
turned about may juſt touch CN atthe point found ſer-H, and make 
CI on the other ſidecqualto!CH. . 

The neareſt-diftance1n the Nyalling Scheam from Z to VE, is the 
Coline of the declination to the former Radius, which prick on the 
Meridian line from C to L. 

And draw a Line through L parallel! to HT, and therein make LP, 
LQ eachequal to C H, and draw HPand1IQ, and there will be an 
oblique Parallelogram conſtituted, the ſides whereof will be Tany 
gent Lines. ow. 'E 

Nota, we might aſſume the point G in the hour-line of fix, for the 
Parallelogram to paſs through , and the neareſt diſtance from D to 

VE in the dyalling Scheam, would be the Coſineof che declinati- | 
on 


66 Hours inſerted in an upright Decliner. 
on to the ſame Radius to be prickt on the Meridian Line asbe- 
fore, | 


To inſcribe the bour-lines. 


In the following Tangent 'Scheam made as the former, produce 
CB, and make BQ equalto BC , then take the extent PQ on the 
dyal, andupon Q as a Center deſcribe the Ark Y therewith , and 
draw the Line YC juſt touching the extreamity , then you may pro- 
- Portion ontthe hours in this manner. 

The neareſt diſtance from D to YC in the Tangent Scheam, being 
prickt on the ſide of the Parallelogram from P and Q, will finde the 
points 10and 2, through which thoſe hour-lines are to paſj, alſo the 
neareſt diſtance from E to YC, bring there pricke, fiudcs the puints 
I1 and 1 as before, otherwiſe take the extent PL from the Dyal,and 
in the Tangent Scheam upon -C as a-Center , deſcribe the Ark N 
therewith, and draw BN juſt couching the outward extreamity of 
that Ark,the neareſt diſtance from E to BN, prick-in the Dyal from 
Lto tr and r, and the ncareſt diſtance from D to BN, place from L 
to 16 and 2, thus yon have found points through which part of the 
hour-lines are to be drawn into the Centerat C ; or having found 
the points P and Q on the plain, if it be deſired to inſcribe the 
hours without drawing the ſide of the Parallelogram PQ, which muſt 
alſo be performed without the help of Compaſles, though they be at 
hand, then in the Tangent Scheam prick the extents E and D, from 
BtoI and K,and through the reſpeRive points C, D, E, B,I,K, Q, 
draw lines all parallel one to another, making any Angle at pleaſure 
with the ſaid Line, I fay then that any line ruled over thoſe parallels, 
(hall be divided into a line of double tangents,as is LM, which is made 


[ 
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68 To plare the Stile. 
* equal to PQ, the fideof the Parallelogram in the former Dyal, if 

therefore you double the Paper in the line LM, "and apply the points 

L, M to the points Q Pon the plain, you may by the edge of this 
| Paper Tangent Scheam fo doubled , prick down the hour points on 

the plain, and lines drawn through them into the Center , ſhall be 
the hour-lines required , and making B O equal to thefides of the 
'Parallelogram HP or IQ, andit ſhall contain the hour diſtances to 
be transferred into the ſaid ſides. | 
If alinebe drawn in the Dyal from HtoL, and from Lto 1, the 
hour- lines being drawn {hall divide each of theſe lines into a double 

Tangent, and conſequently the hour-lines may alſo be prickt off on 
the ſaid lines, after the method now preſcribed. 

For upright far Decliners and ſuch plains as have ſmall height of 
Stile, recourſe muſt be had te former direRtions for drawing them 
with a double Contingent line, each at right Angles to the Subſtile, 
The foundation whereof is this, Any point being aſſumed in the Sub» 
ſilar line of a Dyal, the neareſt diſtance from that Point to the Stile, 
is the Sine of the Stiles height; the Radius to which Sine is the di- 
ſtance of the aſſumed point in the Subſtilar line from the Center of 
the Dyal ; Then in all Dyals the hour diſtances from the Subſtilar 
line are Tangents of the Angle of the Pole , the Sine of the Stiles - 
height being made the Radius thereto, having finiſhed the delineati- 
on of the Dyal, the Stile is to be placed direQly over the Subſtilar 
line, without inclining to cither fide of the Plain , making an Angle 
therewith equal to its height above the ſame, for the Subſtilar line 
is elſewhere defined to be ſuch a line over which the Stile is to be pla- 
ced in its neareſt diſtance from the Plain, therefore if the Stile in- 
cline on either (ide,it will be nearer to ſome other part of the Plain 

' then the Subſtilar line , whence it comes to pals in places near the 
EquinoRial,if an upright Plain decline but very little, the Subſtile is 
immediately caſt very remote from the Meridian, 


Another Way to prick don the honr-lines is Declining 
leaning Plains, 


@ o 
Every ſuch Plain in ſome Latitude or other will become an upright 
Decliner « Firſt therefore by the former direRions prick off the Sub- 
ſtile Stile and Meridian,in their true Coaſt and quantity, and perpen- 
dicular to the Meridian, draw a line paſſing through A ACT * 
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A Parallelogrins fitted into ill Plains; 89 
it ſhallrepreſent the Horizonta[line:of the Plain ity that new Latis 
tude. as here VS; from any point in the Stite ns'K;' let falls perþen+ 
diculac to the Subltile at I, and from the point I, iti the Sibſtile Jer 
fall zperpendicular totheMcridianatP.:: . 1 20D 2d 
T@ finde the ne Declination. 


Prick IP on the ſubſtilar line from I toR, and draw RK, ſo ſhall 
the Angle IRK be the complement of the new declination, and the 


* Angle IKR thenew Declination it ſelf. 


To finde the neW Latitude: - 

Upon the.Cepnter V with the Radius VK , deſcribe a Circle, I fay 
then that VÞ is the Sine of the new Latitade to that Radius which 
may be meaſured in the Limbe of the ſaid Circle, by a line drawn pa- 
rallel to VS, which will interſeR the Circle at F, fo is the Arch SF 
the meaſure of the new Latitude. 

To prick,off the Honr-line of Six: 
- This muſt be prickt” off below the Horizontal line, the ſame way 


that the ſubſtilar lyes : The proportion, is, 


As the Cotangent of the Latitude, Is to the. Sine of the Declination, 
$0 is the Radins, To the T angent of the: Angle between the Horizon 
and ſix. * Hf? On X - 


If RK be Radius, then is VÞthe Tangent of the” new Tatitiide, - 


Latitude. | ; 

- Wherefore prick the extent RK on the Horizontal line from V to 
N, and thereon ered the Sine of the Declination tothe ſame Radi- 
us pexpendicularJy, asis NA, and a line drawn intothe Center ſhall 
be the hour; line of fix ; the proportioning out of the'Sine of the 
Declination to the ſame Radius, will be ealily done, enteryhe Radius 
VPfrom K to D, and the neareſt diſtance from D to IK, (hall be the 
Sine of the new declination to that Radius. \ 


\ 


but if we make VP Radius, then is RK the, Cotangent of the new 


To fit in the Parallelogram. - 


This is to be dgne as in vpright Decliners, for having drawn aline 
ES; K 2 REED from 
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70 To finde 4 true Meridian Line. 
from thenevw Latitude at F into the Center , if any Radius be en: 
tred on the ſaid line from Y, the Genter towards the Limbe, the 
neareſt diſtance from that point to VP the Meridian line, (hall be 
the Cofine of the new Latitude to that Radius. 

Again if the ſame Radius be entred on RK produced if need be,the 
neareſt diſtance to VR {produced when dd requires) ſhall be the 
Cofine'of thenew Declination , and then: the- hour-lines: are to be 
drawn as for upright decliners , nothing will be doubted concern- 
ing the truth of what is here delivered , if the demonſtration for in- - 
ſcribing the _— in upright decliners be well underſtood, it 
being granted chat Oblique Plains in ſome Latitude or other will be. 
come upright decliners. | OE 

There are two Examples for the Latitude of Londen ſuited to 
theſe direRions, in both which the Lerrers ars alike , the one for 
a South Plain declining 40* Eaſtwards, Tnclining15* , the other for 
a North Plain declining 40* Eaſt, Reclining 754. 


To finde a true Meridian Line. 


For the true placing of an Horizontal Dyal, as alſo for other 
good uſes it willbe requiſite to draw. a true Meridian Line, which 
propoſition may be performed ſeverat ways, amongſt others the 
Learned Mathematician Frazcis van Sehooten in hislate Afiſcelanies 
demonſtrates one, performed by help of three ſhadows of an up- 
Tight Stile on a Horizontal Plain, publiſhed firſt without Demonſtra- 
tion in an [taliar book of dyallivg,by. Mntio Odd. 

wad 651A WEE”, To Let AB, AC, and 
AD repreſent” 3 
ſhadows made on 
a Horizontal plain 
in one day, by the 
ſhadowof the ſtile 


if two be found e. 
qual, a line let fall 


perpendicularly 
from- 


The finding of 4 eMeridian line Demonſtrated, 7x 
from the Point A, upon a line joyning [the extreamities of thoſe 
ewo ſhadows,ſhall be a true Meridian line, | 

But if all three be nnequal, as let AC be the leaſt, ereftt 
lines from the point A, \ ny wg tw AP; AC, ADasis AF, AG, 
and AH equal to the Stiles height AE, and draw lines from theex- 
treamities of the three ſhadows to theſe three __ as are. FB,GC, 
and HD ; then becauſe AC is leſs ther'AB , ore. GC will be 
leſs then EB, by the like reaſon GC will be leſs then HD, wherefore. 
from FB and HD cut off or SubſtraR FI and HK equal to GC , and 
from the points I and K let fall the perpendiculars IL, KM,npon the 
Baſes AB, AD, afterwards draw a line joyning the: two points M, 
L, and from the ſaid points let fall the perpendiculars LN' equal to 
LI, and MO equal to MK. | lo tv b$: 

Then becaufc the two ſhadows AB and AD art unequal, in like 
manner FB and HD will be unequal ; but foraſmuch as FI and HK , 
are equal by conftruRion, it follows that LI, KM, or LN and MO 
will be unequal, and foraſmuch as thele latter lines are parallel 2 
right line that <ouuccts the points O and N; being produced will 
meet with the __— that joyns M;E produced, as ler rhe meet 
in the point P , from whence draw a Line to C,, and it ſhall be a 
erue line of Eaſt and Weſt, and any Line perpendicular there-” 
to (ball bea Meridian line, thus the perpendicular AQ let fall there- 
on, is a true Meridian Line paſſing through the point A , the place: 
of the ſtile or wyre. 

Whereto I adde that if MO & LN retaining their doe quantities be: | 
made parallel it matters not whether they are Perpendicular to ML 
or no, alſo for the more exaQ finding the Point P,thelines MO and. 
LN, or any other line drawn parallel to them;maybe multipyled or 
increaſed both of them the like number of times frotthe points AC 
and Z\ upwards, as alſo from the points O and N downwards, and 
Lines drawn through the points thus diſcovered, ſhal meer at P with- 
out producing either Z{L or ON See 15 Prop. of 5 Euclid. and the 
fourth of the ſixth Book. | 

The greater part of vas Schootens Demonſtration is ſpent in pro-: 
ving that A{L and ON produced will meet ſomewhere, this for the. 
reaſons delivered in the conſtru&ion I ſhall aſſume as granted, then 
underſtand that the three Triangles ABF, ACG and ADH. ſtand 

perpendicularly cre& on the plain of the Horizon beneath them,up- 


on. 


"72 The finding of 4 Meridian line Dtmioyſtrated. 
onthe right Lines AB, AC and AD, whence'it will come to paſs 
that the three points F, G, and H weetin one point, as in E the top 
of the Stile AE, and that the right lines FB, GCand HD are inthe 
Conique Surface of the ſhadow which the Sun deſcribes the ſame day 
by his motion, the xop of which Cone being the point E. 
Wherefore if from thoſe right Lines we fubſtra& or cnt off the 
. right Lines FI, GC'and HX-being 'each of them equal-to one ano- 
ther, then will thepoints T, C and K, fallin the circumference of a 
Circle, the' plain whereof is parallel to the plain of the Equator ; 
and therefore'if through the points K and Tin ſuch a Poſition ,a right 
Line be imagined to paſs, and be produced to the plain of the Hori- 
zoh, it will meet with A£L produced in the point P, where ON be- 
ing produced, will alſo meet with it ; ſo that the point Þ being in 
the Plain'of that Circle, as alfo in the plain behelth it , as alſo the 
point C beingin each Plain , a right line drawn through the Points 
P and C will beche Common Interſeion of each plain, and the line 
PC will. be parallel to the Plain of the t:quarar, and is therefore a 
true Line of Eaſt and Weft,- which was to be proved. 

Oa all Ptains thoogh they Decline, and Rechine, or Incline, after 
the ſame manner may be found the Line PC, which will repreſent the 
Contingent Line of any Dyal, and a perpendiculzr raiſed upon the 
Line CP (ball be the Subſtilar Line, which in Oblique Plains is the Me- 
ridian of the Plain, but not of the place, unleſs they are both Coinci- 
dent from this manner of og a Meridian Line on a Horizoneal 
plain, nothing elſe can be deduced without more Scheams:From the 
three ſhadows, may be had the three Altitudes, and the Meridian 
line being given, the Azimuths to thoſe three ſhadows are likewiſe 
given , Which is more then need be required in order to the finding 
of the Latitude. of the place, and the Declination -and Amplitude 
of the Sun, which becauſe this Scheam'idoth nor perform of it ſelf, I 
ſhall adde another to that purpoſe. 

By three Alritndes of the Sun, and three ſhadoWvs of an Index on an 
Horizontal Plain , to finde a true Meridian Line, and conſequently 
the Azimnuths of thoſe ſbadows , the Latit#ie of the place , the Suns 


- 


eAmplitude and Declination. - 
j Tt 
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Ts inde « Meridian lint & the Latitude by 3 fhadens, 75 


Tt will be convenient to take two ſhadows, when the Sun is 0n one 
fide of the Mevidi 
performance will be moſt exaRt w 
Solſtice 
Let thethree ſhadows be CA, the Altitude whereto is AF 22, 287 
The ſecond (ſhadow CB, the Altitude whereto is——BG 59*, 21/ 

| both theſe in the morning, | 
The third ſhadow in the afternoon CD the DH 189 a0/ 
Altitude whereto is - — | a 

Let the Angle ACB be 70%,and the Angle BGD 1 35*, by follow- 
ing Operations we (hall finde that the ſhadow CA,is 10* to South= 
watds of the Weſt, that the ſhadow CB is 60 to Northwards of the 

Welt, that the ſhadow CD is 15*to Southwards of the —_ | 


the Sun is near ummer 


TV - PAs. 
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74 To finde « Meridian line & the Latitude by 3 ſhadows. 
Having from the three ſhadows prickt off the three Altitudes to 
F,G,and H,from thoſe points to the (hadows belonging to them, let 
fall the perpendiculars FI,GK, HL, which ſhall be the Sines of thoſe 
\ Altitudes, and the Baſes IC, X{, and LC (hall be the Cofines,from 
the point Kin the greater Altitude, draw Lines to the points I and L 
in the leſſer Altitudes and produce thoſe lines. 

From the points K and 1, the Sines of the two Altitudes, are to 
be ereted perpendicularly, thus KM is made equal to KG, and IN 
is made equal: to IF, then producing MN and KI, where they meet 
as at W,is one point, where the plain of the Suns parallel of Declina- 
tion incerſefts the plain of the Horizon ; in like manner on the Baſe 
KL,the Sines of two Altitudes KG,and LH, ought to ſtand perpen- 
—_ from the points K and Lin their common Baſe, but if they 
retain the ſame height, and are made parallel to one another, a line 
joyning the points of the tops of thoſe Sines produced , ſhall meer 
with the line joyning the points of their Baſes produced, in the 
ſame point as if they were perpendicular. 

Thus KP and LQ aredrawn at pleaſure through the points K,and L 
parallel one to another, and KG ie the Sine of the greater Altitude, 
and LO is equal to the Sine of the leſſer Altitude, and theſe two 
points being joyned with the Line OG produced, mects with the Line 
KL produced, in the point E, another point where the plain of the 
"Suns parallel interſeQs the plain of the Horizon. . 

Or you may double KG, and finde, the point P,as alſo donble LO 
and finde the point Q, a line drawn through Þ and © , findes the 
-point E, as before, but with more certainty. 
If you joyn EW it ſhall be a true Line of Eaſt and Weſt , and a 
, perpendigular let fall thereon from C the Center, ſhall be a true Me- 
ridian line to the perpendicular Stile or wyer,as is GC S, 
The Arch SR is the Suns Amplitude from. the North 50* 6/ the 
ſhadow being contrary ta the Sun, caſts his parallel towards the - 
South, | 
Draw KT parallel to SC, and it ſhall be the perpendicular diſt- 
ance berween the Sine of the Suns greateſt Altitude, and the Inter- 
fe&ion of his parallel with the Horizon. . 
. Upon Kere& KY equal to the Sine of the Suns greateſt Altimde 
of the three KG, and the Angle KT/ ſhall be equal to the comple- 
ment Gfithe Laticude, for the Angle between the plain of: any 
| ra 


To Calculate the Latitude; Ye; from three ſhadows, 55 
rallel of declination and the Plain of the Hotizon , is always equal 
tothe complement of the Latitude, and'if upon T as a Cencer with 
the Radius CS,you deſcribe the Ark K X,: the faid Ark ſhall meaſure 
the complement of -the Latitude in this' example 38* 28/, which be- 
ing given cogether with the Sine of the Amplitude CY , it will be 
ealie to draw a Scheme of the Analemma, whereby: to finde the 
Suns declination, the time of riſing , and ſetting, his height at ſix the 
Azimuth thereto, the Vertical Altitude and hour thereto, cc. and 
many other propoſitions depending on the Suns motion , as T have 
elſewhere ſhewed, ; uh 

The whole ground hereof is, that a right line extended through 
the tops of the Sines of any rwo Alticudes of the Sun taken the ſame 
day before his declination vary , ſhall meet with the Plain of the 
Horizon in ſuch a point where the Plain of the Suns parallel inter- 
ſeas the Plain of the Horizon, and finding of two ſuch points, a 
line drawn through them , muſt needs repreſent the interſection of 
thoſe two Plains; in the former Scheme the Sines of the two Alti- 
tudes are K ſand IN, a line drawn through the bottomes of thoſe 
Sines, as & 7 extended ſhall he inthe Horizontal Dlain ; and the Line 
MN extended through the tops of thoſe Sines is in the plain of the 
Suns parallel , as alſo in-the Horizontal plain ; now whether theſe 
Lines ſtand ereRt or no is not material, provided they: retain their 
Paralleliſme and due length, and paſs through the points of their 
Baſes 7,X, for the proportion of the perpendicalars to their Baſes, 
will be the ſame notwithſtanding they incline to the Horizoo.. 


To Calewlate the Latitude,&c, from three ſhadows. 


A uſual and one of the moſt troubleſome propoſitions in Spherical 
Trigonometry, is from three ſhadows to finde.the Laticade of the 
place : thus ſzrizs propounds ic, and with many operations both.in 
plain and Spherical Triangles reſolves it. - FF Tu 
The firſt operations are to finde the Suns 3 Alitades to thoſe ſha- 

dows, and that will be performed by this proportion, 

As _ Length of the ſhadow , Is to the perpendicular height of the 
- Gnomon, | 

So #«« the Radins, To the Tangent of the Suns Altitude above a Hori” 
| | L 7 111 1 Ramtal 


76 To Calculate the Latitude, &c. from three ſhadows. 
zontal Plain, which proportion on other Þ lains Will finde the Angle 
between the Sun end the Plain or Wall. 

Next Metius gives the diftances between the points of the three 
ſhadows, and then by having three Sides of -a Plain Triangle, he 
findesan:Angle, to wit, the differences of Azimuth between the re- 
Fonds ſhadows, which Angle may be meaſured off the Plain with 

ras 

But, propounding it thus, Three Altitudes of the Sun above a 
Horizanta) Plain, with the differences of Azimuth between the three 
ſhadows belonging to thoſe Altitudes, being given, let it be required 
to findethe Suns true Azimuth, the Latitude of the place,and the Suns 
Amplitude. 

And how this may be Calculated from the former Scheme, I ſhall 
now ſhew. 

In the Triangle ICK of the former Scheme, the two fides IC and 
CK, repreſent twaſhadows, and the Angle 7CK is the Angle or 
difference of Azimuth between them, and the ſaid fides IC and 
CK, are the. Colines of the Aititudes proper to thoſe ſhadows ; 
now by ſeven ations in righe lined Triangles, we may finde the 
propee Azimuth or true Coaſt of any-of thoſe ſhadows. 

I. In the right lined: Triangle CK,having the' two fidesI C and 
CK, with the Angle between them TCX, at one operation may be 
found both the other Angles {"{K and 7XC, 

g Me Inthe ſame Triangle by another operation, may be fornd the 
ide IK, 

Then to proceed, draw N f parallel to-7X, and f M will be the 
difference ofthe Sinevwof both. the ' Alticudes belonging to thoſe 
ſhadows, whereby may be found KW. 

3. The proportion lyes, 

As f M the difference of the Sine; of both thoſe Altitnder, þ 

1s to f N equab to 1 K before found, 

So ts KM the Sine of the greater Altitude, to KW foughe. 


4 By three like Operations may be found in the other ſhadow 
Triangle,the Angles CKL, and KLC, withthe Side KE. 


"Mot: proceeded thus far to the Angle IKC, adde the Angle 
CKL, the ſum is equal to:the Angle WKE. 
7. Then in the Triangle WKE, we have the two Sides thereof _= 
an 


To make any Dyal fram three DR 7 
and KE given, and the Angle comprehended by them, and at 6ne 
Operation we "may finde both the other Angles EWK, and KE 
the complement of the Angle TWK, is the Angle WKT. The if. 
ference berween the Angles WKT, and IKC, is the Angle CKZ, 
which ſhews the Suns Azimuth from the Meridian proper to that 
ſhadow, which may be otherways found, for the Giberenud between 
EKT and TKC, alfo ſhews it. 

By two other Operations the Latitude may be found. 
1.As the Radne:Ts to w K before fonnd::$9 1 the Sine of TWK toKT: 
2. AsVK the Sine of the greater Altitude, Is to KT before fonnd, 

So ts the Radings , TotheT angent of the Latitude. | 
By another Operation maybe found the Amplitude CY, having 
found the Angle ZKC, the Angle CKp is the complement thereof, 
then it holds : 
As the Radins, Ts to CK the Coſine of the greater Altitude, 
So ts the Sine of the Angle CKp ro Cp, t he difference between Which, 

and Tp equal to TK, 15 TC the Sine of the Amplitude ſwght. 


To make an) Dyal from three. $ hadoYye. m 


The Geometrical performance of the former Propoſition, is infiied 
upon by (!avizs in his Book of the. Aſtrolabe, butihe mentioneth no 
method of calculation as derivable: fromit:: fromthis propoſition 
Monſteur Faw/ez.ards Freneh/Mathematician-educeth a general oce- 
thod for making of Dyals, from three ſhadows 06a4Gnomon ſtuck 
into-2 wall at randome, whereof he doth not fo - much: as mention 
any demonſtration ; | ſhall endeavour todeliver the mechod thereob 
with as much perſpi cnity as I can; 

Every Plain in ſome placr'or other, .isan hocizontal-Plaio ; ; admic 

irons 7 ne Plain in our Latitude; the.Subſtilac line;repreſenrsthe me- 

that place, 'and any: contingebtiine draw at right Angles, 

therero will repreſent'a true line of Exſtand Welt: in reference to 

thathorizon,and if the hours did commence at. :2,from each {ide the 
ſabſtile, the] al here would (hewthe true timeof the day there. 

== ever i oes ue Plaihafſuming aoy-Pointin the Stile , and croſ- 

'perpanticular: ro that: Pomc,, which ſhall meer 

he the Subſtile , Fo Point/ ſo found in the Subſtile; is the Equi- 


wee Poir in reſpeXof the aſſumed Point:in the Stile ; hence we ' 


may inferre that if theſe two'Pointsand: _ Subſtilar line were, gt- 
2 ven 


= —- 
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78 Fo: make any Dydd. from three ſhadows. 
ven the- Center of the: Dial might be eaſily found , now the former 
conſtrution applyed toan oblique Plain, aflumed to bean Horizon- 
ea] Plain, in reſpec of ſome unknown place, will find the EquinoQial 
Point and che ſubſtilar Line,the Stile Point being aſſumed in the extre- 
mity of a Gnomon any wayes placed or ſtuck in a wall at randome. 

From the former Scheme it may be obſerved that the Sine of any 
of the three Altitudes being erected 0% the Perpendicular between 
the foot of that Sine and the Suns parallel, gave an Angle equal 
ro the elevation of the EquinoRial above the Horizon , which is the 
thing ſought in the following work, but the Sine of the greateſt Al- 
titude performs the propolition beſt. 

- [fa ſtick or pin be {tuck into a wall for this purpoſe , and doth not 
make right Angles therewith , a Perpendicular mult be let fall from 
the extremity thereof into the wall, which is called the perpendicu- 
lar Stile, and the diſtances of the ſhadowes ; from the foot thereof 
muſt be meaſured thence, in reſpeR of the tip of this perpendicula: 
Stile the Equinotial Point muſt be found, wherefore it will be con 
venient to aſſume the ſaid perpendicular Stile to be the Sine of th 
greateſt of the three Alcitudes of the Sun above the Plain, which pro 
_ perlyin reſpeRt of Us are Angles between the wall and the Sun. U 
on this aſſumption it will follow , that the (ſhorteſt ſhadow will 
the Coline of that Angle , and the diſtance between the tip of the 
Stile ,, and the extremity of that ſhadow will be the Radius : now 
from-zhe-lengths of the three ſhadows, and the height of the per- 
pendicuar Stile ,it will be cafie to find the Sines and the Coaſines of 
the Angles between the wall and the Sun. 

In the following figure, let the Circle be ſuppoſed to be deſcribed 
rp6n'a leaning Plain, on which let A B repreſent a Stile ſtuck in at 
randome; the extremity ofthe three ſhadows whereto are the points 
D, E,F, firſt find the perpendicular Stile thereto C B. and from C 
draw lines to the'three ſhadowes: now to find the Sines and Co- 
fines of the Angles between the wall and the Sun,afſaming C B to be 
the Sine of the greateſt Alticude,make CB in the ſecond figure equal 
thereto, and perpendicular thereto raiſe the Line C F, wherein prick 
down the three ſhadows CE,CD,&CF,and upon as a Center with 
the extent B E deſcribe the Quadrant G A, drawing lines from the 

three ſhadowes into B the Center, and the Arks G E, G 1, GH, are 


__ the three” Arigles between the wall and the Sun, and the neareſt 
: "28 2 : diſtances 


_—_ 
” 
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diſtances from the points E,LH,, being taken to GB, are the Sines | 
- thereof, alſo the neareſt dilkances from thoſe Pdints to AB, are the 
Colines thereof. h K-41 E 

Being thus prepared, draw three Lines elſewhere as in the third fi- 

re meeting in a Center, and making the like Angles as the ſhadows 
did, and let them be produced beyond that Center, and have the: 


; CH[in this Scheme,” equal 'ro 
fame Letters ſet to them : make the nearefd.'diftances i From 


| Eero CB, and make CL equal ta EC, in the former Scheme, 


Draw thelinesIG, 1H produced, and make(G Fequal to neareft 


. To make uny Dyal from three ſhadows. = 


diſtances from tz oto BG, and parallet to HPand GO, draw the 


lines IN, IM , each of them made equal to C3, then draw the Hipo- 
tenuſals MO, NP, meeting with the Baſes at K and L; draw the Line 
KL, and it (hall repreſent the Plains EquinoRial: ar.contipgent Line. . 
From I, let fall the perpendicular IQ produced, and. it ſhall be the: 
Subftilar line on the Plain and the Point Quis.rhe. EquinoRial Point: 
ſought. To place the Subſtile. : 
Then repair tothe Plain whereon you would make the Dyabre. 
preſented by the firſt Scheme, and place CQ therein, ſo that ' itmay: 
make the ſame Angle with the ſhadow CE, as it doth with the Line 
IC in the third Scheme , and it (ball be the Subſtilar Line; which is; 
tobe produced, alſo prick IQ from the:third Scheme from C26; Q7 
onthe Plain in the Subſtilar Line, and-upon the point C, perpendieu- - 
lar to the Subftile, raiſe the Line AC, and make it equal to CB, draw-- 
ing the Ling A Q,, umhor wit - Angte AUC be mquat tothe comps! 
plement of the Sciles beigh ; for it is the Angle between the plain? 
and the EquinoRial;juſt as before in the Horizontal plain, the Sine'oF! 
the'greateft- Altitude was ere&ed ona Line falling. perpendicular. 
from the foot of the ſaid Sine, to the interſeRtion of the plain of the: 
Suns parallel with the plain of the Horizon , and thereby gave the 
Angle between the Suns parrallel and the Horizon, equal'to the Com» 
plement ofthe Latitude, | aut 


Ye. 
, « EC 


To fiud the Center of the Dyal and Stiles height i 31) 1o ©? 
2: If frofn the _ Ayon raiſe the Lint AV perpendicularly to AQ, 
where it. cuts the Subſtilar Line,as at V, is the Center of the Dial,and7; 
he Linc AV repreſents the Stile. — 


"Fo. , To make any Dyal from three ſhadowes. 4 
3. Todraw the Meridian Line: 


If the Plain recline, a thread and plummet hanging at liberty 
from the Point Y, and touching the Plain , will find a Point therein, 
ſuppoſe K a line drawn from K into the Center of the Dial , (hall be 
the Meridian line of the place. 

A broad ruler with a ſharp pin at the bottome of it , being in a 
right line, with a line traced through the length of that ruler, where- 
to the plummet is to hang, having a hole cue therein for the bullet to 
play in, will find this Point in a reclining plain. 

On an inclining Plain,if the thread and plummet hang upon thestile 
at liberty, to ſome part of the Stile more gemote from the Center, 
faſten another, thread, which being extended thence to the Plain jult 
touching the former thread and plummet hanging at liberty , will 
find many Points upon the Plain, from any of which, if a line be 
drawn imto the Center it (hall be the Meridian line required ; See the 
fourth figure: orincither of theſe caſes hold a thread and plummet 


ſd at wy that it may juſt touch the Stile , and bringing your ſight 
fo, as tn caſt the ſaid thread upan the Center at the ſame time hy the 


interpoſition of the thread ; the eye will project a true Meridian. 
line on the Plain, for the thread repreſents the Axis of the Horizon, 
and the Plain of the Meridian, is in the ſaid Axis. 

If the Center fall inconvenient upon the Plain, it will be neceflary 
to cron dicular, paſſing through the foot of the 
per icuh and/meaſure the Angle of ſome of the Shad- 

owes fromfit;;? and accordingly ſo place itin the third: figure or 


draught on the floor, on which find'the Center, and afterwards a 
ſign the Center on the Plain where it may nappen convenient, and 


from the ſaid draught, by help of the Plains perpendicular , ſer off the 

ſubſtile and Stiles height; On plains on which probably the Stile hath. 

but ſmall height, the perpendicular Stile in this work muſt be afſa- 
med the ſhorter, | 


4. To draW the Hour Lines. ; 


Theſe may be ſet off in a Paralellogram after the Subſtile, Stile? 
and Meridian are placed which I have handled. before. | 

Or they may be inſcribed by the Circular work, if-we aſſume the 
perpendicular Stile A C, to be.the Sine of che Stiles height, the - 
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, o edlewlate any Dyal from three fhutows, | 
dias thereto will be A V, prick the faid Radius on the Subſtile from 
V the Center to, Z, and upon Z as a Center, deſcribe the Citcke as . 
in the firſt figure, and find the regulating point © by fortner direRi- 
ons, over which from'O the point where the Meridian of the place 
cuts the ſaid Circte,lay a ruler,and it finds Mon the oppoſite fde;Be- 
ing the Point from whence the Circle is to be divided into 1'2. parts, 
for the houres with ſaubdivifions for the halfes & quarters Here note 
that the arch M V,is the inclination of Meridians,the whole Setticit- * 
cle being divided but into 90%,and if that be firſt given(as hereafter) 
we may thereby find the Point O, whence the Meridian Line is to be 
drawn into the Center. 2540 


5. A Method of (alculation ſuited hedete, 


This1s alcopether the ſame as for finding the Azimuth of the ſha- 
dowes an the Horizontal Plain and a$eafte, whereby in the third Hi- 
gure, the Angle of the Sabſtife C 1 Q;, muſt be ſet off fromthe 
ſhadow I GE, juſt as the Meridian Line CP, might be ſet off from 
the ſhaddow C K on the Horizontal. 

And the complement of «h»-£4iles kwighht A UV, in the firſt fie 
gure here,as the complement of the Latitude KT Y, was . found 
there. - | | CN 

Laftly, for placing the Meridian Line of the place by calcutation, 
the Subltiles diſtance from the plains perpendicular , and the reclina- 
tion of the Plain mult be found, which may be got eaſily at any time 
without dependence on the Sun, and then in the often-mentioned 
oblique Triangle in the Sphere , we have two fides with the a_ 


comprehended given, to wit, the co of the Stiles bei 
the __ Sexe of the = the Subſliles diſtance from the 


Plaines perpendicular wheteby may be found the inclination of Me- ' 
ridians: and conſequently the Meridian line of the place, alſo the 
Laritude thereof, with the Plains declination,if they be required. 

To perform all this other wiſe Geometrically and inſtrumentally, 
(but not by calculation) there was an entire conſiderable quarto 
treatiſe, with many excellent Prints from braſs-Plates thereto be- 
longing, Printed at Paris in France, in An. 1643. by Monfieur De- 
argues of Lijons, which Treatiſe I have ſeen but not peruſed, a year 
after was publiſhed the ſmall Treatiſe of Monſicur Yawlezard before 
mentioned. _ ; | 14 h : Th 
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3h The inſcribiog of the Signes, Azimuths, parallels of the longeſt day; * 
*; f &c. are lately handled by Mr. Zeybowrn in his Appendix to Mr. Stirs 
= \ exps Dyalling, as alſo by Mr. G:b/on in his Algebra, who thinks in 

þ many caſes that they deform a plain, and are ſeldome underſtood by 
= the vulgar, wherefore it will not be neceſſary to treat thereof. 

; The directions throughout this Book ;are ſuited to the Northern 
Hemiſphere and are the ſamein the Southern Hemiſphere, if the 
words South for North, and North for South be mutually changed. 


N 


Since the Printing of this Treatiſe, I have not had time to reviſe 
it with the Copy , and ſo cannot give thee a full account of what 
faults may have eſcaped, which I think are not many ; theſe few fol- 
lowing be pleaſed to corre. 


LEwwAtd. 


Pape 17 line 3 pox M read wper C. p.15 |. 34 for Subſtilar Sine 
x. Subſtilar Line. p. 25 1 12for20*r. 15% p.z61. 17 for5l/, x. 31; 


